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Section 1
A B S T R A C T
The case is considered of a triangular gusset plate 
fixed to structural members along two edges, and remaining 
entirely free along the third edge, which is unstiffened.
The structural members are pivoted together at the 
intersection point of their clamping edges, that is, at the 
vertex of the triangular plate, and they are assumed to be 
stiff, and to remain practically straight when the gusset 
plate is deformed due to change in the angle between them.
If the angle between the structural members is 
progressively increased, the plate will eventually commence 
to fail in tension near the centre of the free edge. 
Experiments are described for the determination of the 
stress distribution leading to this failure.
If, on the other hand, the angle between the members is 
progressively decreased, then at first, stresses will be set 
up of opposite sign to those first mentioned, but distributed 
according to the same pattern. As further decrease in the 
angle takes place, however, transverse displacements will 
commence, and collapse will follow. Experiments are described 
for the determination of the collapse conditions. Experiments 
are also described relating to the collapse of plates which 
do not extend the whole distance from the free edge to the 
pivot-point of the members.
The results of the experimental work are considered
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from a theoretical point of view, and approximate expressions 
are given connecting the conditions of failure with the 
change in angle between the members, and with the applied 
torque or moment about the pivot-point of the members.
Whilst the methods used are applicable to plates of 
scalene triangular form, the work has been mainly limited 
to plates in the form of right-angled isosceles triangles, 
clamped along their equal sides, and this conforms to the 
majority of practical applications in engineering design.
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N O T A T I O N
The following symbols have been used throughout.
A few other symbols, representing less important quantities, 
are defined where they are introduced into the text.
FORGES AND MOMENTS 
F , H, R, N
Nx> V  Nxy
crit
final
Forces
Distributed normal and shear forces 
in the middle surface of the plate.
Torque or Moment
Collapse torque, elastic theory. 
Final collapse torque 
Bending moment
ENERGY:
U ..........  Energy of elastic strain
ELASTIC CONSTANTS:
E ..........  Modulus of elasticity in tension and
compression. (Young’s modulus)
G ..........  Modulus of elasticity in shear.
p. ....... .. Poisson’s ratio
D ..........  Flexural rigidity
E t*
YP
1 2 ( 1  - ur)
Lower yield point stress
0
- - — 2--
. Airy stress function
°x> °y ’ * ’
. Normal components of stress parallel to 
the -X and -Y axes respectively
V °e • • •. Radial and tangential normal stress components using polar coordinates
T
xy
. Shearin? stress using Cartesian 
coordinates
Tre . Shearing stress using polar coordinates
ex ’ ey “  *
. Components of strain using Cartesian 
coordinates
er>’ e . . .. Components of strain using polar
Yre
coordinates
Shearing strain using polar coordinates
-Continued
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STRESS. STRAIN t DISPLACEMENT, ETC. (Continued)
u ..........  Radial component of displacement
v ..........  Tangential component of displacement
w ,. .......  Transverse displacement of the middle-
surface
w ..........  Transverse displacement of the middle-
surface at mid-point of free edge
X  ..........  Change in total vertex angle
DIMENSIONAL SYMBOLS:
0   Vertex of plate; origin of coordinates
OP, OQ . . . . Clamped edges of plate
P Q .Free edge of plate
t .......... Thickness of plate
x, y, z .. .. Cartesian coordinates, with origin in 
middle-surface at vertex of plate
r, 6 .......  Polar coordinates, origin at vertex
of plate
ex, p ........ Values of 0 at OP and OQ respectively
L^, L0 , etc... Dimensions parallel to the -X axis.
Y, , Yg, V.. Dimensions parallel to the -Y axis
S , s ....... Length along a curved line.
CONSTANTS. COEFFICIENTS. ETC.
These are employed quite generally 
to represent the coefficients in 
the various series of terms used
ao’ V O o
al» bl» C1
Ao’ V c0
A1 ’ Bl» C1
p> m , n
Tons or pounds (force) and inch units have been used 
throughout.
(With a few exceptions, recommended symbols of 3.S. 1991: 
Part 1: 1954 have been adopted, but the use of a standard 
typewriter prevented the employment of sloping italic type, 
as recommended in that British Standard.)
Section 4 INTRODUCTION
In structural engineering practice, the dimensions of 
gusset-plates are usually chosen to suit the adjacent parts 
to which they are attached. For example, the baseplate of 
the common rolled steel stanchion is often gusseted to the 
stanchion itself, but the gusset sizes are fixed by such 
factors as size of baseplate (determined by bearing pressure 
considerations); rivet diameter and pitch, and number of 
rivets required, or weld strength, the thickness of the plate 
being determined perhaps by crushing and tearing strength 
local to rivets, or by empirical rule having regard to the 
liability of corrosion.
The stress distribution in the gusset-plate itself, or 
the conditions liable to cause collapse, are not considered 
in this method of approach, which has been in the past 
reasonably adequate in structural design.
No doubt this fact is in some part responsible for the 
lack of design information of any kind relating to triangular 
gusset-plates, usually attached to the structure along two 
sides, and with the free edge unstiffened. However, such 
connections are very frequently employed in modern engineering 
design, often with new methods of constructioii, and it is felt 
that the present investigation may serve a useful purpose.
A paper entitled "An Experimental Investigation of the 
Stresses in Angle Brackets", published in 1951 (Section 11, 
p. 139, Ref. 4), included some interesting curves of
(8)
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boundary stresses, etc, in flat gusset-plates, obtained 
experimentally by the use of electrical resistance strain- 
gauges, and also by photoelastic methods. However, no 
general case is there propounded, and further work appears 
to be desirable.
A number of authors have indicated advanced mathematical 
solutions to the problem of the stress distribution in a 
finite wedge, and also to the buckling of triangular plates, 
but they are admittedly difficult in practical application. 
Furthermore, the conditions assumed in such solutions are 
in general those of boundary load, whereas the present 
investigation is concerned v/ith assumed conditions of 
displacement of the clamped boundaries.
The present experimental work represents an attempt to 
approach the matter from a new standpoint - that of the 
displacement of the clamped boundaries, and to indicate, 
where possible, a method of practical approach.
The case is considered of a triangular gusset-plate 
clamped or otherwise attached along two edges to rigid bars 
OP, OQ, which are pivoted together at 0, Pig. 1.
Structural
Member
Plate
Free Edge
Structural
Member
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Effect of Increase of Angle between the two Members.
If the angle, originally POQ, between the two members 
is progressively increased, due to the application of an 
increasing torque T about 0, Pig. 2a, p. 10, the plate will 
eventually commence to fail near the centre of the free edge.
This case, where the angle is increased, will be 
referred to throughout as the "Tension” condition.
(This may seem slightly misleading as it will be noted that 
whilst the important normal stress in the -Y direction is 
tensile, yet the normal stress in the -X direction may 
sometimes be compressive, as discussed in Section 7.2, p. 43.
The condition is, of course, elastically stable.
The illustration, Pig. 2b, p. 10, shows a small steel 
gusset-plate which has commenced to fail in this manner.
Lines of slip failure can be seen in the centre part of the 
plate, and a crack has commenced to open up near the centre 
of the free edge. The material is "shim” steel foil, a 
cold-worked material in the bright condition: a stress-strain 
diagram is shown in the Appendix, Section 12.1.2, Pig. 68, p. 163.
The failure of a more ductile material is shown in Pig. 2c, 
p. 10. Considerable plastic stretch has taken place in the -Y 
direction (no fracture has- occurred), whilst considerable plastic 
buckling has occurred, due to compressive stress in the -X 
direction. The material is sheet iron.
(10)
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0
OP moves to OP'
OQ moves to 0Qf
Change (increase) 
in apex angle POQ 
= \  (Positive) .
"Tension"
Condition
X
FIG. 2a
FIG. 2h FIG. 2c
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Effect of Decrease of Angle between the two Members.
If the angle, originally POQ, between the two members, 
is progressively decreased, due to the application of an 
increasing torque T about 0, Pig. 3a, p. 12, then at first 
an elastically stable condition will exist, and stresses 
will be set up to the same pattern as in the "tension" 
condition previously described, but of opposite sign#
Further decrease in the angle, however, will be associated 
eventually with transverse displacement leading to collapse.
This case, where the angle is decreased, will be 
referred to throughout as the "Compression" condition, 
(although tension may occur in the -X direction, and 
bending eventually occurs, as noted above).
The illustration, Fig. 3b, p. 12, shows a steel foil 
sheet which has failed in this v/ay, whilst Fig. 3c shows a 
similar failure of a sheet of a more ductile material.
Both plates were of approximately the same thickness, and 
each was subjected to the same amount of transverse 
deformation before the load was removed.
It will be observed that there appear to be plastic 
hinges formed along three distinct lines: at the two clamped 
edges and along the axis of symmetry at the centre. The 
curvature across these hinges appears to be very acute near 
the apex, but becomes less towards the free edge, particularly 
in the case of the less ductile material.
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Y
0
OP moves to 0P!
OQ moves to OQ’
Change (decrease) 
in apex angle POQ 
= \ (Negative).
Q
.X
''Compression1' 
Condition.
PIG. oa
PIG. 3b PIG. 5c
k
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Preliminary Experiments - Elastically Stable
Condition.
Elastically stable stress conditions occur when the 
bars OP and OQ (Pig- 1, p.3) move apart, and also when 
these bars move towards each other, providing that 
bending has not commenced.
In order to make a preliminary investigation of the
i
distribution of stress under the stable conditions, and 
to relate the actual magnitudes of the stresses set up 
to the applied torque and the angular movement of the 
adjacent edges, photoelastic models were examined under 
tensile load in the polariscope.
Particular attention was paid to the effect of 
placing a hinge-pin at the apex, and also to the method 
of securing the edges of the specimen to the bars OP 
and OQ (Pig. 1).
The apparatus is described in Section 7.3.1, the 
experimental work and results in Section 7.3.2 and the 
determination of the properties of the material used 
in the Appendix, Section 12.1.1.
Preliminary Experiments - Collapse Condition.
When the bars OP and OQ are moved tov/ards each other, 
then at some stage, bending commences, and later on, 
collapse occurs.
(14)
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For a preliminary investigation of this process, 
in relation to the applied torque and the angular movement 
of the adjacent edges, some experiments were carried out 
on the collapse of a number of small gusset-plates made 
of thin steel foil. Plates of several different thicknesses, 
of triangular and of various trapezoidal forms (Pig. 36, 
p. 102), were tested. The trapezoidal forms were tested 
in order to verify the form of theoretical expression 
developed for the critical torque (Eqs. 40 and 41, p.p.
83 and 87 respectively) under elastic conditions of the 
material.
The apparatus constructed for these experiments is 
described in Section 8.6.1, the experimental work and 
results in Section 8.6.2, the readings taken are tabulated 
in the Appendix, Section 12.2, and the determination of the 
properties of the foil in the Appendix, Section 12.1.2.
Experiments with Larger Plates.
Larger steel plates of several thicknesses were next 
tested, both in the stable and in the collapse conditions, 
in a specially made frame loaded into an "Avery’' Testing 
Machine.
These plates were all of the complete triangular
form.
Over a range of values of applied torque, the angular
(15)
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deformations of the clamping edges were measured, and 
also strains were measured in selected positions on both 
sides of the plates, by means of electrical resistance 
strain gauges.
The apparatus is described in Section 9.1, the 
experimental work in Section 9.2, the readings taken 
are tabulated in the Appendix, Section 12.3, and the 
determination of the properties of the steel plate in 
the Appendix, Section 12.1.3.
General Note.
In each of the groups of experiments just described, 
the results are compared with those obtained in the 
approximate theories discussed in Sections 7.1, 8.2 
and 8.5. These comparisons are summarized and commented 
upon in Section 10, p.p. 137, 138.
The experimental work was entirely confined to 
cases where the apex angle POQ (Pig.7, p.27) was a right- 
angle, the plates being of triangular or trapezoidal form 
symmetrical about OX.
V 1 o;
Section 6 ASSUMPTIONS REGARDING BOUNDARY CONDITIONS.
In the ordinary gusset-plate* Pig. 1, p. 8, PQ may he 
taken as a free, unstiffened edge, along which, under the 
"tension” condition of Fig. 2a, p. 10, the normal and 
tangential stresses are both zero, the displacements there 
being initially unknown.
An infinite variety of normal and tangential load 
distributions along OP and OQ could be applied in the plane 
of the mid-surface, to a plate with a free boundary along 
PQ, the only essential requirement being that they should be 
in external equilibrium. Since the actual distributions of 
load along the plate edges OP and OQ are, however, initially 
unknown, the displacements of points on OP and OQ will now 
be considered.
When the torque T is applied to the two structural 
members OP and OQ, Fig. 1, p. 8, and Fig. 7> P« 27* then if 
the members are sufficiently stiff, tangential displacements 
(v) of points on OP and OQ may be assumed to be proportional
to the radius r, measured from the origin 0. Further, if the
clamping members OP and OQ are assumed rigid and incapable of
deformation, the radial displacements (u) of points on the 
plate boundaries OP and OQ may be taken as zero.
The members OP and OQ may or may not, in practical cases,
be joined together at 0; for the theoretical investigation 
this joint is asspmed to be a perfectly fitting, frictionless 
hinge, incapable of deformation.
In regard to the actual method employed for the attachment 
of the plate to the members, (e.g. clamping, bolting, 
riveting, welding, etc.), it is
Section 6 (Continued) (.17)
noted that, in accordance with the principle of St. Venant, 
(Section 11, p. 139* Ref. 3), provided that the position 
of the resultant load is unchanged, differences in method 
of attachment are only likely to cause local disturbances 
of the stress distribution in the plate.
Special note regarding the function of the pin at 0 in the 
Elastically Stable Condition (e.g. the "Tension" Condition).
In practice, the boundary conditions may be affected 
by the fit of the pin at 0, and this will now be considered.
If no pin or hinge were employed, and if the material of 
the plate were continuous almost up to the apex point 0, then 
a high concentration of stress may occur there. This will be 
somewhat reduced in practice by the fact that the assumed 
perfect rigidity of the bars OP, OQ and their connections to 
the plate will not be achieved. It is clear that, if there 
is no pin at 0, the normal stress in the -Y direction near 
the apex may be of opposite sign to that in the remainder of 
the plate.
The case will next be considered of a plate symmetrical 
about OX as in Figs. ha and hb, p. 18, with a hinge-pin fitted 
at 0, joining the bars OP and OQ. Let R^  and R^ be the 
resultant forces equivalent to the normal and shear stresses 
in the plate along the edges OP and OQ respectively. Let
F^  and Fg be the external forces acting on the stiff bars
OP and OQ, and let and be the forces on the pin or hinge.
If F^  , F^j R^  and R2 were made coincident, and H2 would be
reduced to zero, and the pin rendered unnecessary.(Fig.he) But 
initially, the position of the line of action of R^  and R^ 
is unknown; even its direction is unlpiown except in
(18)
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o-
Fig. 4 q F i g - 4 b  F iq . 4 c
Ext er na l  f o r c e s  on b a r s  O P . O Q  =  F ( and F2 re spect ively.  F | t F 2 = 0
Forces on bar s  O P f OQ due to p l a t e  boundary s t r e s s e s  along OP and O Q
=  R| Ond f?2 Respect ively,  O
For cesdue  to pin at  0  on bars O P , O Q
=  H ( and H 2 r es p e c t i v e l y .  H (+ H ^ = 0
FIG. 4 . PLA TE S Y M M E T R IC A L  A B O U T  OX.
cases symmetrical about OX as in Fig. 4 above, and in 
Fig. 7, p. 27. It was therefore decided to use a pin 
in the practical experiments, to make conditions definite.
It will be seen that, unless the pin is loose, a 
statically indeterminate combination is formed by the pin, 
the plate, and the two members, and this system may be 
self-strained initially if the pin is tight, or if the 
pin were initially loose, the stress system in the plate 
close to the pin might alter during loading, as the pin 
commences to bear load. The fit of the pin, and any 
bedding-down during loading, are therefore factors of 
importance.
(19)
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In the experimental work, means of adjustment of the 
fit of the pin were tried; however, in many gusset-plate 
applications where there is a pin or other independent 
connection between the bars, the means by which the plate 
is attached to the stiff bars will probably give far greater 
elastic freedom in the region of the apex, than that due to 
the lack of fit of the pin or other connection. Thus the 
pin will carry the reactions and Hg almost entirely.
However, the magnitudes and directions of the forces 
acting on the pin will depend upon the system of forces 
by which torque T is applied; but if a perfectly fitted 
pin is assumed, incapable of elastic or plastic deformation, 
and the movement of the edges of the plate, as transmitted 
from the bars OP and OQ, is purely rotational about 0, then 
the stress condition in the plate, and therefore the position 
of the resultant this condition of rotation,
and is quite independent of the actual arrangement of forces 
by which the torque T is applied to the bars OP and OQ.
In general, it will be evident that the actual stress 
condition in the plate, close to the apex, is very difficult 
to foretell in the practical case. This is discussed later 
on (See p. 69). Some photoelastic fringe-patterns are 
shown in Section 7.3.2, Pigs. 23 and 26, p.p. 63 and 68, 
and notably in Fig. 28, p. 72, giving a comparison of the 
stress systems with, and without, the pin.
(20)
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THEORETICAL CONSIDERATIONS.
If a thin plate, initially unstressed, is subjected 
to forces in its own plane alone, then each point (r, 0) 
in the middle surface of the plate will he slightly 
displaced. Using polar coordinates about a point 0 in 
the middle surface, let the components of the displacement 
of any point (r, 0) be u and v in the radial and tangential 
directions respectively.
It may be shown (Section 11, p. 139, Ref. 2f), that 
the corresponding direct strains er and eQ and the shear 
strain XrQ at the point, are given by the following 
expressions
/ i n
Eq. 1.
Eq. 2.
Eq. 3 •
The plate is in a condition of ’’plane stress” , that is, 
the direct stress perpendicular to the plane of the plate 
is zero, and in this case, the Hooke!s Law relationships 
(Section 11, p. 139, Ref. 2g), giving the strains in terms 
of the stresses, may be expressed as follows
CD 11 dudr • • •
CD
CD
II
i  +
1 dv 
r de • •
►S CD I
I 1 du 
r da
dv v 
+ dr ~ r # • •
er = § ( o r  - t w 0 ) • • Eq. 4.
CD
CD
II g ( o 0 - f i o r ) • • Eq. 5.
ItCDU
>- — %G r0 • • Eq. 6.
where or and o^ are the components of direct stress, on 
mutually perpendicular planes, and t  ^the shear stress, 
at the point (r, 0). G is the Modulus of Transverse 
Elasticity.
(21)
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By considering the equilibrium of an element of this 
plate, it may he shown (Section 11, p. 139, Ref. 2d), that, 
if hody forces may he neglected, the following equations 
must he solved for the specified boundary conditions
+ 2 Tre + r a F ^  - 0 ' * • 7 •
(i.e. Tangential Forces are in Equilibrium). 
dor
* * *  ° r  ~ ° q + r  aF“ * aer~ 38 0 • • • Eq. s.
(i.e. Radial Forces are in Equilibrium).
In order to solve these equations, a new function, 
called the Airy stress function (Section 11, p. 139,
Ref. la), is introduced. Any function >25 of r anad 0 will 
satisfy the above equilibrium equation if, neglecting 
body forces, we use the following expressions for the 
stress components:-
„ = 1 M  ■ * JL. ifg ■ *■„ Qr = v dv * 3 . . . Eq. 9.
o„ = . . . Eq. 10.
dv «
d ,1 d0\ 1 d0 1 3afl
^  \ e  -  -  dv^v de] -  r 2 ae “  “  Sr>d0 * ^  X1*
Expressions representing the displacements u and v
will clearly need to be continuous; this is shown to be so
(Section 11, p. 139, Ref. lb), if the following 
"compatability" equation is satisfied by the function 0 
of r and 0:-
(—  + 1 3 + 1 ^  1 I ^  ♦ 1 + i O
* ?  3 F  * -a ^  < 1 7  ♦ » S  V  ■ 0
Eq. 12.
(22)
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Thus a solution for 0 must he found which will satisfy 
equations 7, 8 and 12, p. 21, and the boundary conditions 
of the case being considered.
The general solution to the problem was developed in 
a paper presented to the London Mathematical Society in 
1899 by J.H. Mitchell. (See Section 11, p. 139, Ref. 5).
This solution,of the two-dimensional problem is given 
below, in polar coordinates, in the form of the Airy 
stress function 0:-
2 2 2 0 ss aQlog r + bQr + cQr log r + dQr 6 - a^Q
rr  A
+ ia^re sin 6 + (b^ + aj[r” + bj^ r log r) cos e
- ic^r© cos 6 +
oo
+ ^ > ‘(anrn + knrn+^ + anr”n + ^nr~n+^) C0B ne
n=2 
oo
+ J>(c r11 + d rn+^ + c*r n + d!r n+^) sin n6 /_jv n n n n 1
n=2
(d^r3 + cir + dir log r ) sin 0
(23)
Section 7.1 (Continued)
STRESS FUNCTION AND COMPONENTS OF STRESS FOR POLYNOMIAL
DISTRIBUTIONS OF LOAD ON THE FACES OF AN INFINITE WEDGE.
For the purpose of the determination of stress 
distributions in infinite wedges, due to polynomial 
distributions of normal and shearing load on the edge 
faces, the expressions for the stress components will 
consist of terms containing r11 with n ^  0, the stress 
function 0 being given by the expression on the previous 
page, with only such terms included, as follows
00 
+ ^ > r  
n=l
+ &o6 + ag cos 26 + Cg sin 20>]
n+2 b_ cos n0 + d„ sin n0 L n n
+ &n+g cos(n+2)0
+ cn+g sin(n+2)0
Eg. 14
It is noted, of course, that the above expression 
relates to the infinite wedge; its application to the 
case under consideration, namely, that of the finite 
wedge, will presently be considered.
(24)
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From the stress function 0, Equation 14, the stress 
components are obtained by equations 9, 10 and 11, p. 21, 
as follows:-
= 2 |~bQ + dQe + ag cos 26 + Cg sin 2©]
oo
+ ^(n+1) (n+2)rn 
n=l
b cos n0 + d sin n0 n n
+ an+gC°s(n+2)0 + cn+gSin(n+2)oJ
Eg* 15
= 2 I b + d O - aQ cos 20 - c0 sin 20L o o 2 2 J
00 r
+ ^>(n+l)r -b (n-2)cos n0 - d (n-2)sin n0 
n='l
- an+g(n+2)cos(n+2)0 ~ cn+g(n+2)sin(n+2)0
• . . Eg. 16
T = _ a_ (i M )Ar» ' v» AA /r0 8r vr 80
o “ 2a2 MV/ ^ ^ 2- j^ d_ - 2a0 sin 20 + 2c0 cos 20
- ^>(n+l)rn j~-bnn sin n0 + dnn cos n0 
n=l *-
- an+g(n+2)sin(n+2)0 + cn+g(n+2)cos(n+2)0~|
Eg. 17
(25)
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The normal and shear stresses 
along the boundaries OP and OQ of 
the wedge, Pig. 5, may be 
expressed in the form of 
polynomials, as follows
0
■X
^a0^8=a =pao + palr +
2
pa2r +
3
P(X3r • « . + P■^ an
/^cr0^0=a~(^ao + W +
2
%.2r + w 3 * • . +
n
w
^a0^0=3 =p3o + p3lr
+ 2Pp2r + pg3r3-
^ „n 
p3n
T^r0 ^ 0=3-(^ 3o + q3ir +
2
<lp2r + qP3r * . . + ^ n ^
. . . . Sqs. IS
In cases where these boundary stress distributions are 
known, they can be represented by taking a sufficient number 
of terms in the above expressions.
In the first two equations, pao * pal Pcc2 etc. are the
coefficients of r r etc., in the expression for normal
stress Og on OP, and e °^ • are tiie coefficients
of r°, r1, r^ etc., in the expression for shear stress on OP. 
The third and fourth equations relate similarly to the 
stress distributions on OQ.
Prom these four equations, the constants b
do' dl* 2 * a2 f a3* a4* , and Cg, '4-
of equations 14 to 17 are easily determined.
o .For example, by equating the coefficients of r in 
equations 18 with those in equations 15 and 17, a set of four 
simultaneous equations is obtained, as below, sufficient for
the determination of the four constants b ’ do and cv-
p = 2 ( b  + d a + a0cos 2a + c0sin 2a)^ao v o o 2 2
^ao
Pp0 = 2( * 
g eo =
dQa -2agSin 2a +2cgCOS 2a)
+ dQ(3 + a^cos 23 + c^sin 23)
dQP -2agSin 2g +2c2cos 2P) _ _ # Eqs> 19
(26)
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Also, taking the second or any subsequent terms of 
equations 15 and 17, by equating coefficients of rn , where 
n. unity, with those in equations 13, four equations are 
obtained, as below, sufficient for the calculation of the 
four constants bn , dn , an+2, and cn+2
I b cos na + d sin na 
l n n -|
■f*an+2cos(n+2)a + cn+2sin(n+2)aj
-b„n sin na + d n cos na L n n
~an+2 (n+2)sin(n+2 )a + cn+2(n+2)cos(n+2)al
b cos np + d sin n{3 
l n n
+an+2 C0S(n+2)P + cn+2sin(n+2)pj
pbnn sin nP + dnn cos np 
-an+2(n+2)sin(n+2)P + cn+2(n+2)cos(n+2)p
..........  Eqns. 20
When the constants of equations 14 to 17 have thus been 
determined for sufficient terms, the stresses at any point in 
an infinite wedge can be evaluated, so that the distribution 
of normal and tangential stress along any section PQ, Fig. 6, 
can be found. This method was described in 1914 by 
S. Timoshenko, and is explained in "Theory of Elasticity" by 
S. Timoshenko and J.N. Goodier,(1951). See Section 11, 
p. 139, Ref. 2h.
poai = (a+2)(n+l)
%cn = - <n +1>
Ppn = (n+2)(n+l)
= " (n+l)
(27)
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If, however, PQ, Pig. 6, p. 26, represents the free 
or unloaded edge of a finite wedge, then the normal stress 
across it, and the tangential stress along it, will both 
he zero.
The boundary conditions along the other two edges 
OP and OQ will be of displacements: the tangential 
displacement (v) of a point on these edges will be 
proportional to its radius from 0; the radial displacement 
(u) will be zero.
These conditions have already been stated on p. 16, 
they are taken as a basis for the theoretical work on the 
elastically stable condition, and are indicated in Pig. 7, 
below. They are known as "mixed" boundary conditions, 
since displacements are specified along two boundaries, 
and stresses along the third.
x xy
are both zero
along PQ.
PI'
PLATE SYMMETRIC.^
ABOUT OX. (a = -p) % S'
X  = change in the angle POQ when the plate ia loaded. 
Radial displacements (u) are zero along OP and OQ. 
Tangential displacements (v) are zero along OX, + iXr 
along OP and - ^\r along OQ.
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The problem thus consists in determining the constants
polynomial stress function 0, (equation 14, p. 23), to a 
sufficient number of terms*
It is noted that if the boundary conditions are 
satisfied at a number of selected points, this v/ill give 
sufficient equations to determine the constants in the same 
number of terms of the polynomial as the number of points 
chosen. Prom the solution thus obtained, the boundary 
conditions are then accurately calculated, at a larger 
number of positions, other than the selected ones, 
to confirm that sufficient terms of the polynomial have been 
taken to give close conformity all over the boundaries*
In order to carry out this method of solution, it is 
now necessary to obtain from the stress function 0i-
(1) Expressions for the radial and tangential displacements, 
in polar coordinates.
(2) Expressions for the normal and tangential stresses
along PQ. Since the -X and -Y coordinate axes are
chosen so that PQ is parallel to the -Y axis, these
will be the a and t stresses respectively, x
An expression for the oy stress is also developed, as this 
will be required later.
EXPRESSIONS FOR THE RADIAL AND TANGENTIAL DISPLACEMENTS 
IN POLAR COORDINATEo.
Radial Displacement u . (E = Modulus of Direct Elasticity).
Where f(0) is a function of 0 only; and since u = 0 and 
r = 0 at the origin, it follows that f(0) = 0*
V  do ’ a2> c2 * * * ' ^1 * a3 > c 3 • • • • etc* of the
E.u = I (o^ - jx.ae).dr
[(l-ti)(t> + dQ0) - (l+n)(a2cos 26 + CgSin 26)]
Si rn+1{[(n-2) n(n+2)][bn cos n0 + d^in ne]
+ (l+n)(n+S) [an+2cos(n+2)e + cn+2sin(n+2)e]
+ f(©) • • • • • • • • • •
(29)
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Tangential Displacement v .
Prom Equations 2 and 5, p. 20, we have:-
v = l(o„ - n.a ) - u d0, and using Equations 15, 16
and 21:-
+ rn+1
n=.
E.v = +2r £ (l+|j.)(a2 sin 26 - Cg cos 20)J
|n(l+(j.) + 4][bnsin n© - d^cos n0j 
+ (l+n)(n+2) |^ an+2sin(n+2)0
~ cn+2G0S n^+2 e^] “ + f ( r )
Eq. 22
Where f(r) is a function of r only.
Constant of integration f(r) in Symmetrical Cases.
It is noted that the expression for the radial 
displacement u is even in 0, and thus the coefficients of 
sin 0 and 0 are zero. (i*e• dQ = Cg = dn = c n + 2 = 0 ).
Also the tangential displacement v is odd in 0, making 
the coefficients of cos 0 zero. (i.e. Cg = d^ = cn+2 = 0> 
as before), and since by symmetry, v = 0 when 6 = 0 ,  
then in the Equation 22 above, f(r) = 0.
(30)
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EXPRESS Io: S FOR THE NORMAL AND TANGENTIAL STRESSES
IN THE DIRECTIONS OP THE X- AND Y- COORDINATE AXES.
It will be necessary presently to consider the stresses 
along PQ, Pig. 6, p. 26, which is, in fact, the free edge of 
Fig. 7, p. 27. Since the OX axis is taken normal to the 
free edge, it is now necessary to write down polynomial 
expressions for the a , a and t stresses, still using 
polar coordinates. y ^
The formulae for stress at a point, used in developing 
the following three equations, are obtained by considering 
the equilibrium of a small wedge-shaped element of the plate; 
they are conveniently set out by the Mohr stress circle 
construction. Their development is given in most text-books 
covering the subject of compound stresses, for example, 
Section 11, p. 140, Refs. 12 or 13.
ax = ^ ar + a6^ + ^ ° r  - ae)°os 20 " Tre sin 20
=s 2bQ + d.Q|~2© + sin 2©j - 
00 ‘  f
+
2a,
i§L(n+l)
rn | bn |j3cos n© - n.cos(n-2)©J 
+ dn [~2sin n6 - n.sin(n-2)©,
- (n+2)an+2cos n© - (n+2)cn+2sin n©
Eq. 23
sin 2©
I 'D
= 2b + d [20 - sin 2©1 + 2a9 o o |_ r -l &
(n+l)rn-| T> [scos n© + n .cos(n-2)0"]
ay = l(ar + 0e) - i(or - ae)oos 20 +
n-1
h ^2 6 .cosi 
I ,— -1
+ d [2sin n© + n.sin(n-2)©J
+ (n+2)an+2cos n© + (n+2)cn+2sin n©
Eq. 24
aQ)sin 2© + t^ cos 2©
= - d cos 2© - 2c0 o <5
oo
+ S(n+l)r' 
n=l
n n.b_sin(n-2)© - n.dncos(n-2)©n
+ (n+2)an+2sin n© - (n+2)cn+2cos n©
Eq. 25
(31)
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Prom the stress function 0  of equation 1 U, p. 2 3 ,
have now been obtained, all in polar coordinates, expressions
for the normal stresses o and oa, and the shear stress % ~r o re
(p. 2k)\ for the radial and tangential displacements u and v 
(p.p. 28, 2 9 ), and for the normal and tangential stresses 
ox 9 tfy and in the directions of the -X and -Y axes (p. 3 0 ).
It is now necessary to write down equations to cover the 
boundary conditions of the gusset-plate problem, as already 
set out in Section 6 , p. 16, and shown in Fig. 7» P« 27*
It was arranged to satisfy these conditions at the six selected 
points shown in Pig. 8 , p. 32. This will be seen to give 
twelve equations, and thus six terms of the polynomial may be 
taken, as each involves two unknown coefficients.
The points are chosen at approximately equidistant 
positions along each boundary, and since the conditions are 
symmetrical about OX, only one half of the plate boundary 
is utilized.
The boundary stresses or displacements at the selected 
points are shown in Fig. 8 , p. 32.
It is noted that if greater accuracy were required, 
a number of additional points could be chosen, involving 
twice that number of additional equations, and each 
additional point requiring that one more term of the 
polynomial should be used.
(32)
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However, upon obtaining a numerical solution to the 
twelve simultaneous equations (p.p. 36, 37), boundary 
stresses and displacements were calculated from the 
solution, at points other than the selected ones, (Pig. 9, 
p. 39, and comment p.p. 28, 37), and it was decided that 
sufficient accuracy had been obtained.
xr
\N
0 ( 5 )
rL
 AX IS OJF
S Y M M E T R Y
X xy
xy'
xy'
PIG. 8
Equations numbered 21, 22, 23 and 23 are next written 
in a form applicable to the boundary conditions of Pig. 8, 
above, for six terms of the polynomial: they are now
expressed in non-dimensional form, putting x/L = Y, 
replacing r by Ysecoc, u by u/L, v by v/L and writing A 
and 3 for a and b. (Eqns. 26, 27, 28 and 29 following).
(33)
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For Radial Displacements at points (1), (2) and (3), - 
E ^ = 0 = 2Y seca[^Bo(l-|a) - ^ ( I + mO cos 2a]
Bn[(n~2) + ^(n+2)) cos na
n=5
n=l
Yn+1secn+1a
+ A^^fl+fx) (n+2)cos(n+2)a 
and dividing by the common factor Yseca, we have:- 
0 = 2 [b q (1-}j.) - Ag(l+|ji)cos 2a]
~ Ynsecna|Bn [(n-2) + p.(n+2)] cos na
+ (n+2)cos(n+2)a . Eg.26
For Tangential Displacements at points (1), (2) and (3), -
i? v - -p
E E " E 2L E IE seccx = E Y seca
=s 2AgYseca. (l+p) sin 2a 
n=5
n=l
SS5 ^n+1__ n+1+ 2 ,  Y^^sec^^a | Bn |n(l+jji) + 4^sin na
+ An+s(l+|i)(n+2)sin(n+2)a 
and dividing by the common factor Yseca, we have:-
XE g = 2Ag(l+|j.)sin 2a 
n=5
n=l
Ynsecna IB n(l+p) + 4 "]sin ha
+ An+2(l+p)(n+2)sin(n+2)a
For stress normal to the free boundary at points (1), (5) 
and (6). ( Y = unity ) -
. Eg.27
x = 0 = 2Bq - 2Ag
+ 2 °  (n+1) sec11© 
n=l
Bn [2cos n6 - n,cos(n-2)e]
- An+2(n+2)cos n6r . Eg.28
For stress tangential to the free boundary at points (1), 
(5) and (6). ( Y = unity ) -
iT“*5
Bnn.sin(n-2)e + An+2(n+2)sin n6t  =  0  =xy
(n+1) sec11©
n=l
. Eg.29
(34)
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NUMERICAL SOLUTION OF SYMMETRICAL CASE, FOR AN 
INCLUDED APEX ANGLE~~0F 90°'.
The following numerical solution was worked out for
the boundary conditions shown in Fig. 7, p. 27, taking the
value of Poisson’s ratio as determined for Columbia resin
No. 39.
Boundary Conditions as in Fig. 7, p . 27. a = 45°.
(a) Radial displacements (u) = Zero along OP and OQ.
(b) Tangential displacements (v) = +iXr for points on OP.
and —jXr for points on OQ.
(c) Normal stress (o ) and shear stress (t ) both zerox xy
along PQ.
Using equations 26 and 27 for points (l), (2) and (3) as 
on Fig. 8, p. 32, for values of Y = x/L of 1, 2/3 and 1/3 
respectively, the conditions (a) and (b) above are satisfied 
at these points. The resulting equations are numbered 
7/1 to 7/6 on p. 36.
Using equations 28 and 29 for points (l), (5) and (6) as 
on Fig. 8, p. 32, for values of 0 = 45°, 30° and 15°
respectively, and Y = x/L = unity at each point, the
conditions (c) above are satisfied at these points.
The resulting equations are numbered 7/7 to 7/12 on 
page 36.
(35)
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The system of equations thus obtained, and set out 
on p. 36, was solved by Gauss1s Scheme of operations. 
(Section 11, p. 139, Ref. 9).
In solving these equations loss of accuracy is, of 
course, liable to occur; the trigonometrical functions 
used were therefore taken to six or more significant 
figures. The tables used were those published by the 
United States Rational Bureau of Standards. (Section 11, 
p. 139, Ref. 10) .
The value of Poissonfs ratio used was that obtained 
for Columbia resin No. 39, the material used in the 
photoelastic experimental work, Section 7.3.1.
This value was obtained by the method of principal 
curvatures described by H. Carrington (Section 11, p. 140, 
Ref. 20), and a note of this experimental work appears in 
the Appendix (Section 12.1.1 (2), p. 146). As is well 
known, a considerable variation in the value of Poisson's 
ratio will have only a small effect on stress distribution, 
and there appeared little object in using more than two 
significant figures. The average experimental value 
obtained, 0*38, has therefore been used here. ' In the later 
experiments, with steel plate, the value of ji was much 
lower (0.27), and a note on the effect of this on the 
calculated stress distribution appears on p. 134.
(36)
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The twelve equations for the symmetrical case, with 90° included ancle, 
are as follows:- 5 ’
Eqn. 7/1. Radial Displacement, point (l). from Eqn. 26. T =1; =45°
0 = +1* 21f00CB_---------------- - 0 #lif0000B- -4*14000A. ------  +11*0400A,
+5*80000B^ +13*8000A^ +17*1200 B£ ------  * +22*6400B^ -38‘6400A^
Eqn. 7/2, Radial Displacement, point (2), from Eqn. 26. y =§; a =45°
0 = +1* 24000B — — -0*0933333B1+2*76000AZ --- 4*90667A.
+1*71852B^  +4-08889A^ +3*38173 -  ^+2*98140B^  -5*08838
Eqn. 7/3* Radial Displacement, point (3). from Eqn. 26. y a =45°
0 = +1-24000B--------  -0 • 0466667B., +1 • 38OOOA- --- +1*22667A.
+0 • 2148158^ +0 • $11111A^ -*0 • 211358 B £ ------  ^+0*093l687B^ -0* 15901zA^
Eqn. 7/4. Tangential Disnlact. point (l). from Eqn. 27* y =1; a =45°
E 7 2=   +2*76000A " +5*38000B1 +4-14000A, +13*$200B«-------
+16*2800B3-13*8000A| -------x -33*1200Ag -43*6000B| -38*6400A7
Eqn. 7/5. Tangential Pisnlao^. point (2), from Eqn. 27. y =§; a =45°
E 72* --— ---+2*76OOOAp +3*38667B, +2*76000A +6-00889B,,----
+4*82370B^-4*08889A|------ A -6*54222Ag -5*74157B  ^-5*08838a7
Eqn. 7/6. Tangential Displac?. point (3), from Eqn. 27* y =3; a 45°
E V 2= ---- —  +2*76000A9 +1*793338. +1*38000A. +1*50222B? ------
+0 • 602963Bj-0 • 51111IA5 ------ A -0 *408889^-0 • 179424^-0 • 159012A7
Eqn. 7/7. Normal stress on PQ. point (l), from Eqn. 28. y =1} 0 =45°
0 a +2*00000B -2*00000A„ +2*00000B- -S*00000A, -12*00000B? ----
-40*OOOOB° 40*0000A| -40*0000B£ +120*000Ag +72*0000 B^ +168*000A?
Eqn. 7/8. Normal stress on PQ. point (5), from Eqn. 28. y =1; 0 =30° 
0 =  +2*00000B -2*00000A9 +2*00000B. -6*00000A. -4*00000B? -8*00000A, 
-16*0000B° ------ * -26*6667B£ +26*6667Ag -21*3333B  ^+74*6667^
Eqn. 7/9. Normal stress on PQ. point (6). from Eqn. 28. Y =1; 0=15°
O'V +2*00000B -2*00000A„ +2-00000B. -S-00000A -0*861561B„-11*1384A
-6*58468B® -15*6922A^  -14*1532b£ -17*2312Ag -21*5346 B^-12*9279^
Eqn. 7/10. Shear stress on PQ. point (l). from Eqn. 29. Y =1 j 0=45°
0 a -<---- - —  —  -2*00000B, +£*00000A , ------- +24*0000A.
+24*0000B^  +40*0000A,. +80*0000b£  ** +120*000B5 -168-000A*
Eqn. 7/11. Shear stress on PQ. point (5), from Eqn. 29. Y *1; 6 =30°
0 = ------  ------ -1*15470B, +3 *46410A , ------  +13*8564A,
+9*23760B^  +30 *7920A^ +30 *7920+46* 1880Ag +6l*5840B^  +43*1088a^
Eqn. 7/12. Shear stress on PQ. point (6). from Eqn. 29. Y =1; © =15°
0 = ------  --- _—  -0-535898B, +1-60770A,-------  +6*43078A,
+3#44625B3 +15*6922A5 +11*48758^  +29*8453Ag +25*2282B^  +48*2474a£
B = o + 0-179652 E
B1 = - 0-047300 E
b 8 = + 0*176232 E
B3 = - 0-148924 E
*4 = + 0-077090 £
b 5 = - 0-015105 E
The values of the
into the equations, 
places in each case.
+ 0-487649 E ^
- 0-376473 E |
+ 0-342813 E |
- 0-216400 E |
+ 0-077075 E |
A? = - 0-010787 E £
(37)
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The solution is as follows, 
coefficients have been substituted bach 
and they check to four or more decimal
Ag -
A, =
A6 “
In order to verify the accuracy with which this
solution represents the assumed boundary conditions of
Pig. 7, p. 27, not only at the points taken for collocation,
but continuously along the boundaries, values of u and v
displacements along OP, and of o and % stresses alongx xy °
PQ, were calculated by means of the solution, for eleven 
equidistant points along each of these boundaries, and the 
results indicated on Pig. 9, p. 39.
It will be noted that the "free boundary" stress 
conditions along PQ are reproduced with very great accuracy.
In regard to tangential displacements along OP and OQ, 
there is a very small deviation, probably far less than 
that which would occur in practice, owing to rivets, bolts, 
etc. The slightly wavy form of the graph could be largely 
straightened out, no doubt, by taking a few additional 
collocation points - involving greater labour, but no 
greater difficulty. The values shown are non-dimensional, 
that is, they represent the quantity: v/ (OP ^ ) , which
(38)
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should ideally have the value x/L = Y.
The radial displacements along OP and OQ, which 
should be everywhere zero, show much less deviation in 
calculated values than the tangential displacements.
On Pig. 10, p. 40, are plotted:-
(1) The calculated direct stress a along PQ.
(2) The calculated principal stresses normal and parallel 
to the axis of symmetry.
(3) The calculated normal and shear stresses along the clamped 
clamped edges OP and OQ.
On Pig. 11, p. 41, have been plotted lines of constant
principal stress difference, for comparison with the
isochromatic fringes in the photoelastic experiments.
These curves were plotted by graphical interpolation from
a large-scale diagram drawn from a network of calculated
values of principal stress difference, involving 111 points.
The directions of the principal stresses have also
been calculated at the network points, using the formulae
for stress at a point, already referred to on p . 30, and
the lines of constant direction of principal stress, or
"stress trajectories", plotted for comparison with the
diagrams to be obtained from the isoclinic lines in the
photoelastic experiments. The stress trajectory diagram
plotted from calculated values is shown in Pig. 12, p. 42.
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SECTION 7. I (CONT INUEp)
D I A G R A M  O F  S T R E S S  T R A J E C T O R I E S  
O R  L I N E S  IN T H E  D I R E C T I O N S  OF  
P R I N C I P A L  S T R E S S .
P L O T T E D  F R O M  C A L C U L A T E D  VAL U ES  U S I N G  THE  
T H E O R Y  O F  S E C T I O N  7 .  I . (SEE C O M M E N T  ON P. 38)
T H E  C O R R E S P O N D I N G  E X P E R I M E N T A L  D IA G R A M  IS 
T H E  LOWER  P O R T I O N  O F  F I G .  2 5 ,  P . 67 .
(43)
Section 7.2 ELASTICALLY STABLE CONDITION:
CASS OP SIMPLE TENSION.
A case of interest occurs when the first line only of
the stress function 0, (Eq.. 14, p. 23) is taken. In that
case, equations corresponding to those on pp. 23 - 30 are
as follows* They are given with the same reference numbers
as before, the suffix (a) being added.
<j> = r (bQ + a2cos 26) Eq,.14(a
o = i = 2(b *7 a2cos 20) Eq.l6(a
r dr r 00
°e = ^ 2  ~ 2 ^ 0  + a2 C0S 20) Eq.l5(a
Tre= - l?(r ff> = 2 a2sln 26 E1*17(a
°x = i(ar+ae^ + i(°r~ae)cos 20 "Tresin 20 = o ' Eq*23(a
oy = i(^r+o0) - i(or-o0)cos 26 +'t^ j08in 26 = 2(bQ+a2) Eq.24(a
t^ ss i(or-o0)sin 20 +Tr0cos 20 = 0 Eq.25(a
At the free boundary PQ: ox = 0, giving bQ s a2 ,
so that a„ = 0 everywhere, and a = 4a0 everywhere.x y <3
At the clamped edges OP. OQ: 0 = a,
u = 0 = |/(ar-(ioe)dr = |£jb0(l-n)-a2 (l+n)cos 2a]+ 0 Eq..2l(a)
g
whence (1-ji) / (l+p.) = cos 2a, or jj, = tan a
v = /[i(°0“M'ar)~u]d0 = ¥  a2 (^**“M-)sin 20 + 0 Eq.22(a)
\ 2 and putting v = 5  r; 0 = a, and p. = tan a, we obtain
■o \  \
a0 = b s Q + , whence o,r = 4a« = E £cot a everywhere.
0 8  tan a 7 y &
Continued
(44)
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If the apex angle 2a of the gusset-plate is chosen 
2
so that tan a = \i, then the displacements of all points
along the "boundaries OP and OQ will he the same as those of
points on straight lines corresponding to OP and OQ on a
strip of initial width L, loaded with simple tension in the
Y- direction only. (See Pig. 13 below).
The longitudinal strain in such a strip would equal
(V*- V) / V, and the lateral strain would equal -(L - Lf) / L.
By definition, Poisson’s Ratio fi = - ■= train—
9 ^ Longitudinal Strain
(L - L f) / L 
(VT - V) / V
u. 2= tan a
Or, Included Apex angle 2a 
= 2 tan~^( ji)^  
(Providing the angular 
deformation X  is small).
Prom the above it is concluded
that if the included apex
angle of the gusset-plate
-It \±is greater than 2 tan (p.)2
the a (or cu) stress along 
X  V
OX will be compressive (as it is in the 90° cases dealt with
-I/ \iin this report), but if the apex angle is less than 2 tan (|i) 
then the o stress along OX will be tensile.
X
This case was not investigated experimentally.
Tension
Strip
"X0
PIG. 15
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Section 7 .5 ELASTICALLY STABLE CONDITION.
PRELIMINARY EXPERIMENTS.
It was decided to carry out a preliminary investigation 
of the stress distribution by means of photoelastic 
experiment.
The phenomenon of double refraction in glass sheets 
under stress was discovered by Sir David Brewster in 1816.
The use of this principle for engineering purposes was 
developed by Professor Coker who read his first paper on 
the subject before the Institution of Mechanical Engineers 
in 1913. Modern technique in photoelasticity is described 
in many text-books and scientific papers, several of which 
are quoted in the Bibliography, Section 11, p. 139, Ref. 11, 
and p. 140, Refs. 12, 13 and 21.
Section 7.5.1 DESCRIPTION OF APPARATUS.
Method of Attachment of the Specimen.
A problem requiring consideration was that of the 
method of application of the torque to the edges of the 
specimen so that the deformation of the edges consisted 
of a rotation about the apex 0.
In photoelastic work, concentrated compressive loads 
are applied by point contact, and uniformly distributed 
loads have been successfully applied by cushions of air 
under pressure, but the attachment of an edge to a rigid 
bar is unusual.
An endeavour was made to make the necessary attachment 
by the use of an adhesive, and although this was unsuccessful, 
it is felt desirable to record the tests carried out.
In order that under test in the., "tension” condition,
Fig. 2a, p. 10, a reasonable number of fringes should be
obtained in the isochromatic pattern, tests were first
carried out of the mechanical strength of the joint to be 
described, and this was found to be highly satisfactory, 
using Araldite materials.
(46)
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t
The arrangement shown in Pig. 14 
was then constructed. Small
2
steel blocks were cut from 3/8 in 
thick plate, and a triangular
3 T hick
Stee l  Blocks
specimen of the material known as 
Araldite D, which is suitable for 
normal photoelastic purposes, was 
placed together with them in a
■oo
* 3
O 16 Thick  
A r a l d i t e  
Sheet thermostatically controlled 
electric oven, and raised to a 
temperature of 140° C. Araldite
F I G .  14 :---1 No. 1 was then quickly smeared
as an adhesive over the butt 
edges of the steel blocks and the specimen, and the whole 
gently pressed into place, with a clearance of approximately 
0*006 in. where shown. They were allowed to rest in the 
oven on a steel plate smeared with Silicone grease to prevent 
sticking, and were cured at 185° C. for three hours.
Also, a piece of Araldite D, about one inch square, was 
rested on one edge on a bright steel bar, and they were 
together raised to a temperature of 140° C. Araldite No. 1 
was then applied to the faces of the joint between them, and 
the pair were then cured together for three hours at 185° C, 
there being no load on the joint whatever, except the 
negligibletweight of the Araldite block.
The two assemblies were then examined, after cooling, in 
a "circular” polariscope, using monochromatic light, set up 
to give a dark background. (Section 11, p. 140, Ref. 12a).
Photographs of the resulting isochromatic fringes are 
shown in Pigs. 16 and 15 respectively, on p. 48. These 
specimens, not under load, would present an entirely black 
area if unstressed, and it is clear that the material is 
under considerable self-stress. It should be noted that 
prior to the experiment, both specimens were examined in the 
polariscope, and they were then stress free. It would
. (47)
Section 7 .5.1 (Continued)
therefore appear that the stresses are set up during the 
curing and/or subsequent cooling, due to differential 
contraction of the Araldite and the steel. No attempt was 
made to obtain quantitative results from these fringe 
patterns. Further tests were made, using an Araldite 
adhesive, and leaving it three days to set at room 
temperature, but this did not give the necessary high joint- 
strength which was obtained by the previous treatment.
The foregoing notes are recorded, to explain the reason 
why clamps, as described on p. 49, and shown in Fig. 17, p. 50, 
were finally adopted. It had been intended to avoid using 
clamps, as it was felt that the three-dimensional stress 
system set up by them near the plate edges might affect the 
fringe pattern. However, upon examination in the polariscope 
of unloaded clamped specimens, an entirely black image 
appeared on the screen, except for a narrow light area in 
places, extending not more than about 1/16 in. from the 
edges of the clamps.
The material finally used for the specimens was 
Columbia resin No. 39, which is a reasonably sensitive 
photoelastic material, and was adopted because it is readily 
obtainable in sheets with highly polished surfaces, this 
having the advantage of saving much labour. It is a very 
brittle material, however, and great care had to be taken 
to avoid fracture or edge-chipping during preparation.
The sheets were supplied with protective paper stuck to 
each side, and for drilling it was found best to clamp clean 
bright steel plates each side, without removing the paper, 
and to drill right through steel and specimen. The specimens 
were cut considerably oversize, with a jig-saw, and then 
straight edged steel plates were clamped each side, and the 
edges finished to size by careful filing, using the steel 
plate edges as templates, and finally finishing with emery 
cloth. Considerable care had to be exercised in the use of 
the file to avoid slight chipping of the edges of the 
specimen. Further notes on C.R. 39 are given on p. 145.
(48)
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FIG. 15
FIG. 16
Fig. 15 (Upper photograph) shows the fringe pattern 
of a square piece of Araldite D sheet, fixed with 
Araldite No. 1 adhesive at its lower edge to a steel 
bar.
Fig. 16 (Lower photograph) shows the fringe pattern 
of a model gusset-plate made of Araldite D sheet, 
fixed with Araldite No. 1 adhesive along the left 
and right hand edges to steel blocks.
In each case, no loads whatever have been applied. 
The pictures were taken after curing and cooling.
(49)
Section 7.5 .1 Description of Apparatus (Continued)
A straining apparatus was constructed as shown in 
Figs. 18 and 19, pp. 54, 55. Number references in the 
following text are to Fig. 19.
The clamping bars OP and OQ (Fig. 1, p. 8), were, 
provided by the double steel plates (l) and (2), each 
0*25 in. thick, joined together by bolts in various 
positions shown, the clamping pressure being provided by 
rows (3)(3) of No. 2 B.A. ’’Allen" type screws. The spacing 
pieces (4) (4) were of the same material, Columbia Resin 
No. 39, and of the same thickness as the test specimen (5) 
to be gripped; they were provided in order that an 
approximately uniform pressure was applied to the test- 
piece by the clamping surfaces.
In order to prevent cracking of the specimen plate 
under the edges of the clamps, the sharpness left after 
machining was taken off the steel edges with emery cloth; 
the screws (3)(3) were well greased to prevent jerkiness 
in action, and the sides of the test-piece, before placing 
in the clamps, were protected by narrow strips of cartridge 
paper, exactly covering the clamping area. The edges of 
the specimen were lightly wiped with carbon tetrachloride, 
to remove any traces of grease, and the paper strips evenly 
smeared with "Durofix" adhesive and then pressed into place.
Section 7.5.1 (Continued)
The spacing pieces (U)(U) were similarly covered with 
paper of the same thickness. The parts were then 
assembled, and the screws lightly nipped up until the 
"Durofix" had set, A cross-section through the test 
plate, spacing strips and clamping plates is shown in 
Pig. 17.
The object of using the
]
paper was to prevent possible 
"high spots" on the clamping 
plates from producing local 
high stresses and cracking of 
the specimen; the adhesive, 
applied between paper and 
plastic only, was to facilitate 
the insertion of the specimen 
into the, straining apparatus before the test.
The lower clamping plates (2)(2) were attached to a 
pair of steel angles (6)(6), placed back to back, forming 
the base of the straining apparatus.
The upper clamping plates (1)0) were hinged upon the 
lower by two 0*25 in. diameter fulcrum pins (7)> each 
0*25 in. long,. The gap between them corresponded to 
the gap between the clamping plates, thus allowing the 
test specimen to extend right up to the apex point, if 
required.
Paper
N
Steel
Clamping
Plates
Paper
PIG. 17
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The angular displacement of the upper clamping plates 
relative to the lower plates was brought about by rotating 
the spoked wheel (8) and screw (9), the axial movement of 
which was transmitted through the proving ring (10) to the 
top of the upper clamping plates at (11). This position 
for the application of the thrust ensured that, as the apex 
angle was increased, the resistance of the specimen caused 
the hinge-pins (7) to be always under load.
To prevent damage to the proving ring and indicator 
in the event of fracture of the specimen, spring clips were 
fitted to join the pins (12)(12) on each side. These can 
be seen clearly in the photograph, Pig. 18, p. 54.
A dial indicator (13), attached to brackets extended 
from the lower plates, rested on brackets attached to the 
upper plates and enabled the change in angle to be computed.
To each side of the upper clamping plates was attached, 
by means of a bent steel rod, a balance weight (14). Each 
of the two balance weights was capable of adjustment in 
position relative to the upper clamping plates, (l).
Thus, in order to balance the apparatus initially, the 
upper clamping plates (l), with no specimen in place, were 
rested upon the pins (7), and the position of the weights 
(14) adjusted so that this upper assembly would rest in any 
angular position about pins (7), the proving ring (10) and 
micrometer (13) being temporarily removed.
(52)
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In order to suitably accommodate this straining 
apparatus, with a maximum vertical height of specimen of 
over six inches, a polariscope was built up as follows, 
the arrangement being shown in Pig. 18, p. 54, and Pig. 20, 
p. 55. The number references in the following text are 
to Pig. 20, and to the previous Pig. 19, p. 55.
A lamphouse (15) was constructed to contain, 
as required, either: (l) A, G.E.C. 230 volt 125 watt High 
Pressure Mercury Vapour Lamp, or (2) A 230 volt 150 watt 
ordinary gas-filled lamp, to give "white” light.
To the lamphouse v/as fitted an eight-inch diameter double 
plano-convex condenser lens (16). A bench was built with 
two longitudinal timber beams, 4 in. x 1-25 in. in cross- 
section, and 18*63 in. apart, inside measurement, (17)(17). 
The lamphouse was fixed at one end of this bench, and on the 
same optical axis, a "Polaroid” polariser (18) and a quarter 
wave plate (19) of cellophane sheets, made as described in 
Section 11, p. 140, Ref. 13b.
The straining apparatus already described was placed 
transversely on this bench, the steel angles (6)(6) being 
attached by cleats inside the longitudinal members (17)(17) 
of the polariscope bench.
Two metal tubes (20)(80), running parallel between the 
side members of the bench, carried the supports for the
(53)
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second quarter wave plate, this one of mica, (21), and for 
the "Polaroid" analyser (22).
On the end of the bench remote from the lamp was fixed 
a half-plate camera (23) with a Beck "Symmetrical" Lens (24)• 
The camera was very carefully focussed with a celluloid 
scale placed in the same position that the test-specimen 
would occupy, so as to give a full-sized image on the 
ground-glass screen (25)*
Between the lens (24) and the analyser (22) was placed 
a "Wratten" No, 77 filter (26) to transmit monochromatic 
green light of wave length X 5461 from the spectrum of the 
mercury vapour lamp.
Similar arrangements of polariscope optical system are 
described by H,T. Jessop and P.O. Harris (Section 11, p. 139, 
Ref, 11a), and also by A.W. Hendry (Section 11, p. 140,
Ref. 13c). In the first reference quoted, the following 
statement appears: "The necessary condition for accurate
observation with this system is that the obliquity of the rays 
through the boundary of the model must be small." The 
greatest obliquity of rays in the apparatus used occurred 
at the extreme corners of the gusset-plate model, and was 
about 9°, however, as no severe stress concentrations were 
envisaged to occur at these points, it was decided to adopt 
this comparatively simple arrangement.
(54)
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PIG. 18
ARRANGEMENT OP POLARISCOPE, STRAINING GEAR AND CAMERA 
USED FOR PRELIMINARY EXPERIMENTS
»
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Section 7,3.3 EXPERIMENTAL PHOTOELASTIC WORK.
(l) The Isochromatic Fringe Pattern.
The isochromatic fringe patterns, which consist of 
lines of constant principal stress difference, were 
obtained with a dark background, by using the "parallel 
circular" set-up of the polariscope (Section 11, p. 140,
Ref. 12a), with green monochromatic light obtained by passing 
the light from the mercury vapour lamp through the "Wratten" 
No. 77 filter.
Simultaneous readings v/ere taken of the dial gauge in 
the proving ring (10, Pig. 19, p.55), and of the displacement 
dial gauge (13), as, during loading, each new fringe appeared 
at the centre of the free edge of the model. These readings 
are given in Columns (l), (3) and (5) of the result table on 
p. 57.
The applied torque (T), column (2), is calculated from 
column (l) as follows
Lever arm of Load about Pin = 7*56 in.
Calibration of Proving Ring: 3*93 lb. per division of
dial gauge.
Hence,-
Torque T, lb-in. = 7*56 x 3*93 x Divisions of Proving
Ring Dial Gauge.
The relative angular displacement of the clamped edges,
(Xradians), column (4), is calculated from column (3) as 
follows
Distance from pin to axis of displacement dial gauge
= 6*69 in.
(57)
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One division of displacement dial gauge = 0*0001 in.
Hence, -
Angle X  (Radians) = B&l&l_qa|..gf P-l|£l^nent_ D lal gauge
= Divisions of Dial x 1*495 x 10-5
Table of Results:
Col.(l) Col.(2) Col.(3) Col.(4) Col.(5)
Proving Ring 
Dial G-auge 
(0*0001 in. 
divisions).
T(lb-in.) Displacement 
Dial Gauge 
(0*0001 in. 
divisions) •
.XRadians Fringe 
Order at 
point: 
6 = 0  
Y = 1
0 0 0 0 0
11*6 344 165*5 0*00248 1
23*0 683 327*5 0 *00489 2
37*9 1126 502*3 0*00752 3
51*8 1540 683*5 0*01024 4
65-1 1935 861*8 0 *01290 5
78-0 2320 1039* 0*01555 6
90*3 2680 1198* 0*01795 7
Experimental values of Torque, Col.(2) are plotted
against angleX in Pig* 21, p. 60, and against Fringe
Order in Pig. 22, p. 61. On the same graphs as these
points, straight lines obtained by the theory of Section
/
7.1, as follows, are drawn.
Theoretical Relationship between the applied torque T 
and the change X in the included apex angle.
r n
Total applied torque T about pin = / oQ .r.t.dr
0
and in the symmetrical case, with 90 included apex angle,
using equation 15, p. 24, the theoretical value of T for
2 Xthe actual test specimen = 0*531 L t E ^ • . Eq,. 30.
(58)
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The preceding expression, equation 30, was checked at 
0 = 0, R = L, and also at 6 = 45°, R = I*j2; it will,
of course, he constant at all radial sections through
the plate* For the plate used for the model, L = 2*954 in. 
the thickness varied by one or two thousandths of an inch 
over the sheet, and the average value of 0*190 in. was used.
O
Young*s Modulus E was taken as 333,500 lh / in., this 
being the mean experimental value obtained previously in 
bending tests of specimens taken from the same sheet of 
C.R. No. 39 plastic material. (Section 12.1.1 (2), p. 154). 
Hence
T = 0-531 x (2-954)2 x 0-190 x 333,500^
= 147,000 X  . . . . .  E(J. 31.
Theoretical Relationship between the applied torque T 
and the Fringe Order at the centre of the free edge.
The photoelastic material used was Columbia Resin
C. R. 39, as explained on p. 47. The Fringe Value of
2
this material at room temperature was taken as 106 lb / in. 
per inch thickness per fringe in mercury green light, as 
determined in previous calibration experiments on specimens 
taken from the same sheet (Section 12.1.1 (l), p. 141).
The rate of loading the model gusset-plate was about three 
minutes per fringe at the centre of the free edge, 
approximately the same rate as for the calibration beam.
(A note regarding optical creep in this material appears 
in Section 12.1.1, p. 145.)
(59)
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The stress o at the point on the free edge at the 
«y
axis of symmetry, (Y = 1, 0 = 0), is actually equal to 
the principal stress difference, since the o stress along
A
the free edge is zero.
In Section 7.1, p. 40, the calculated theoretical
value of a is stated -
a = 1*252 E £ ,y 2 »
and "by definition of fringe value,
= Fringe Order x 106
y t
also, Eq. 30, p. 57,
> _E  —  
* 0*531 L t
Hence, Fringe Order at point Y = 1, 6 = 0,
1*252 x t x t
0*531 x L2t x 106 
1*252 x T
0*531 x (2*954)2 x 106
= 0*00255 T . . . Eq. 32.
The straight line graphs of the relationship between 
T and \  , Eq. 31, and between T and Fringe Order, Eq. 32, 
are shown in Fig. 21, p. 60 and in Fig. 22, p. 61, 
respectively, for comparison with the experimental plotted 
points.
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Section 7.5.2 (Continued)
The isochromatic fringe pattern photographed from 
this model, Fig* 23, p* 63, enables a comparison to "be 
made with the theoretical distribution diagrams of 
Fig. 10, p. 40, and Fig. 11, p. 41, as follows:-
Along the free edge, the principal stress difference 
is equal to the a stress, theoretical values of which
v
are obtained by multiplying the figures in the right-hand 
vertical column of Fig. 10, by E g. The value of E, as 
before stated, is 333,500 Vo/ix? and the value of X is 
that corresponding to seven fringes in the table, p. 57, 
approximately, that is, to 0*01795. Thus, -
0^ at any point on the free edge
(Value from Fig. 10 for that point) x 333,500 x 0*01795
2
Fringe Order x Fringe Value _ Fringe Order x 106
Thickness = 0*19
Hence, -
Theoretical Fringe Order for any point on the free edge
/„ , ~ ~ ^  333.500x0*01795x0*19
= (Value from Fig. 10 for that point)x ----  2 x 106--------
s- ( « « « « « *• ” ) x 5*36
Values of theoretical fringe orders, calculated in this
way, are given in the right-hand vertical column of Fig. 23,
p. 63, and the curve shown is plotted from these values. 
Plotted points, projected from the fringe pattern, are 
shown in comparison, and are in reasonable agreement.
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I S O C H R O M A T I C  F R I N G E  P A T T E R N  A N D  CURVES OF  
T H E O R E T I C A I  F R I N G E  O R D E R  A L O N G  PQ A N D  OX.
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FIG. 23.
LI NEAR SCALE:  FULL SIZE OF MO DE L .
T H E O R E T I C A L  
FRI NGE ORDERS.
6-7 2 -------
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FRI NGE ORDERS  
A L O N G  P Q .
The cu rves are  
pl o t t  ed from 
t h e o r e t i c a l  values.
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SE C T I O N  7 . 3 . 2  (C O N T  INUED)
E X P E R I M E N T A L  V A L U E S ; - 0
(Proj ect ed f r om the f r i nge  pat t e r n)  
T H E O R E T I C A L  V A L U E S  
ARE  C A L C U L A T E D  F R O M  
F I G .  I O ,  p. 4  O.
( See  pp. 6 2 ,  6 4  
and comment  
on p. 6 9. )
T H E O R E T I C A L  
F R I N G E  O R D E R S : -
2 0 8
H I N G E - P I N  B E T W E E N  M E M B E R S  OP S OQ A T  O.
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Along the axis OX, Fig. 10, p. 40, the principal 
stress difference is oQ - ap , and since ar is in this 
case compressive (negative), the principal stress difference 
is equal to the numerical sum of the and or figures 
given, multiplied by E ^  . Hence, as all other factors 
are unaltered, -
Theoretical Fringe Order at any point on OX 
(Numerical sum of values of and 
or at that point, from Fig.10) x ^*36
Values of the theoretical fringe order, calculated in this
way, are given on Fig. 23, p. 63, in the horizontal column
at the bottom, and the curve shown is plotted from these
values. Plotted points, projected from the fringe pattern
at OX, are shown in comparison. They show agreement in the
outer part of the plate, but not towards the pin, where the
theoretical values are much higher. A note of explanation
regarding this is given in the last part of this Section, p.69.
A similar fringe pattern, with experimental curves only, 
is shown in Fig. 24, p. 65, but the corresponding proving 
ring dial reading, which was 135*5 divisions, was not in 
linear relationship with the number of fringes, approximately 
9*5 at the centre of the free edge. Optical creep is to be 
expected in this material at about this stage, (Section 11, 
p. 140, Ref. 21, and whilst the stress pattern represents a 
similar distribution to that of Fig* 23, no comparison with 
theoretical values is reasonable.
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SECT I O N  7. 3.  2 ( C O N T I N U E D )
E X P E R I M E N T A L
V A L U E S ; —  O
The points marked thus  
a r e  projected from the 
f r inge pa t t e r n ,  and  
the curves of 
f r i nge  o r d e r  
d rawn t hrough  
them.
O 2 4 6 8 10
F R I N G E  ORDER  
A L O N G  PQ
Comment on this d i agr am is on p. 64.
I S O C H R O M A T I C  F R I N G E  P A T T E R N  A N D  C U R V E S
OF F R I N G E  O R D E R  ALONG PQ A N D  OX.
H I N G E - P I N  B E T W E E N  M E M B E R S
O P  & OQ  AT O.  L I N E A R  s c a l e :
F UL L  SI ZE OF  M O D E L .
FIG. 24.
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(2) The Isoclinic Lines.
The isoclinic lines, that is, lines passing through 
points of constant direction of principal stress, were 
obtained by using a white light source in the polariscope, 
without quarter wave plates or filter, and with crossed 
polariser and analyser. The pattern was focussed on to 
a large sheet of white paper, and the polariser and
iO o
analyser were rotated together through intervals of , 5 , 
etc., (according to the closeness of the lines), and at each 
setting the dark isoclinic lines were traced in pencil on 
the paper.
Prom the isoclinic lines, stress trajectories were 
obtained by the usual graphical method (as described, for 
instance, by M.M, Procht, Section 11, p. 1U0, Ref, 12c).
The upper half of Pig. 25, p. 67» shows the isoclinic 
lines, and the lower half of this diagram shows the stress 
trajectories, which appear to be in reasonable agreement with 
those theoretically obtained (Section 7*1 , p. h2, Pig, 12).
(3) Effect of omitting the Hinge-Pin at the Apex.
This was discussed in Section 6, pp. 17 - 19> and it 
was there stated that experiments would be carried out on 
this problem.
Pig. 26, p. 68, shows a fringe-pattern from the same 
size of'model gusset—plate as that of Figs. 23 and 2h, but 
with the hinge-pin removed. The plate was loaded ■until a
(67)
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SECT I ON 7 . 3 . 2  ( C O N T  I N U E D )
I S O C H R O M A T I C  F R I N G E  P A T T E R N  A N D  C U R V E S  
O F  F R I N G E  O R D E R  ALONG PQ A N D  OX.
N O  H I N G E - P I N  B E T W E E N  M E M B E R S  O P  & O Q  AT O.
L I N E A R  S C A L E :  FULL SIZE O F  M O D E L .
Comme n t  on thi s  d i a g r a m  is on p. 6 6 ,  par. 3 . FIG. 26.
0  2 4 6
F R I N G E  O R D E R  
A L O N G  PQ
E X P E R  I M  E N T A L
V A L U E S '   o
The  p o i n t s  m a r k e d  thus  
are p r o j e c t e d  from the 
f r i n g e  p a t t e r n ,  and  
t he c u r v e s  of  
f r i n g e  or d er  
drawn through 
t h e m.
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Section 7*5.2 (Continued)
reasonable fringe order of about five had appeared at the 
mid-point of the free edge. It will be seen that the 
pattern is much altered, particularly in regard to the 
stresses along the axis of symmetry - it will be noted 
that a zero fringe has appeared; the position of this was 
checked by changing temporarily to white light instead of 
monochromatic, when the zero fringe appears black, the 
sequence of colours being reversed on opposite sides of 
this fringe. As expected, there was a concentration of 
stress near the apex, the fringe order there reaching a 
value of over double that at the free edge.
The isoclinic lines and the stress trajectories for 
this case are plotted in Pig. 27, p. 70.
The fringe pattern of Pig. 26, p. 68 would appear to 
offer a possible explanation of the discrepancy between the 
theoretical curve and experimental values of fringe order 
along the axis of symmetry in Pig. 23, p. 63, as it might 
well be that a slack pin in this case caused the actual 
fringe order to be so low near the apex. The difficulty of 
ensuring a good fit of the hinge-pin will be understood, if 
it is mentioned that the tightening of the clamping screws 
causes the pin to become loose, as the material is compressed 
in the clamps. This was allowed for by inserting an oversize 
pin after the clamps had been tightened, but without great 
success, as the slightest tightness of fit set up a tensile 
stress concentration in the brittle C.R. 39 material, and 
repeatedly this was the cause of immediate fracture.
( 7  O)
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FIG. 27.
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Other contributory causes of the discrepancy between the 
theoretical curve and the experimental values of fringe 
order near the apex in Pig, 23, p. 63 are the thickness of 
the specimen in the clamps, and also the fact that the 
specimen did not actually extend to apex 0, but its inner 
edge was actually just clear of the pin.
As a final comparison in regard to the use of a hinge- 
pin, Pig. 28, p. 72 shows, for a smaller model gusset-plate 
of somewhat different shape, the fringe patterns at the same 
load , with and without a pin.
The distribution, in the case without a pin (as might 
be expected), somewhat resembles that of a beam of rectangular 
cross-section in bending.
The comparison between the maximum fringe orders in 
the two cases is very marked.
Further verification of the a stresses along the
«y
free edge, and of the o and o stresses along OX near the
a
free edge, is given by the experiments with strain-gauges 
on steel plates; the results are shown graphically in Pig, 56, 
p. 132.
(7 2)
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FIG. 28.
E X P E R I M E N T A L
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The points marked thus 
are projected f rom the 
fringe pa t t e r n ,  and 
the curves of 
f r inge o r d e r  
dr a wn  through  
them.
Ze ro.
I S O C H R O M A T I C  F R I N G E  P A T T E R N S  A N D  C U R V E S  
OF F R I N G E  O R D E R  A L O N G  OX,  S H O W I N G  T H E  
E F F E C T  OF  T H E  HI N G E ~  PI  N.  l i n e a r  s c a l e : f u l l  s i z e  o f  m o d e l .
Comment  on this d i agram is on p. 71.
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Section 8.1 ELASTICALLY UNSTABLE (OR COLLAPSE) CONDITION.
THEORETICAL CONSIDERATIONS.
In plate "buckling problems, a solution is frequently- 
sought by the application of the following differential 
equation;
D < + 8 + * % )  - + N & &
0x4 3x 0y Sy4 x 0 ?  ^dx.Oy y 0y3
where N , N and N are the normal and shearing forcesx jr xy
acting in the middle plane of the plate, per unit width of
E +3element, and D is the flexural rigidity — -■■■■■ w- . The
12(1-U2)
above equation is obtained by considering the equilibrium 
of a small element cut from the plate by two pairs of planes 
parallel to the XZ- and YZ- coordinate planes. The theory 
leading to this equation is developed in text-books on the 
subject - for example, by S. Timoshenko (Section 11, p. 140, 
Ref. 14c).
Solutions in the cases where the forces N , N and Nx' y xy
are constant throughout the plate are available for various 
boundary conditions; e.g. for rectangular plates,
S. Timoshenko, (Section 11, p. 140, Ref. 14d); for isosceles 
triangular plates with the three edges either clamped or 
simply supported, by the use of selected points for 
collocation, H. L. Cox and B. Klein (Section 11, p. 140,
Ref. 15).
If, however, the forces N , N and N are not constant,X y xy
the problem becomes more complicated.
Under the boundary conditions imposed by the present
problem, Pig. 3a, p. 12, — rotational displacements of the
clamping bars OP and OQ about centre 0 are specified, and this
Section 8.1 (Continued), and Section 8.2
is not generally consistent with a uniform distribution of
the forces Nx , Ny and N . In fact, only in the special
rotation about 0 be approximately consistent with a uniform 
distribution of N , N and N throughout the plate.x jr xy
ThiB special case was discussed for the ’’tension” 
condition in Section 7.2, p. 43.
Section 8.2 RAYLEIGHS- METHOD,
In view of the complications envisaged, it was decided, 
instead of using the method just discussed, to endeavour to 
obtain an approximate solution to the present problem by 
means of Rayleigh’s Method. This consists in assuming a 
reasonable expression w = f(x,y) to represent the deflected 
form of the middle surface of the plate when maintained in 
a slightly buckled condition by a torque of value T 
It is assumed that, when the plate has buckled transversely 
by a small amount, the increase U in internal energy is 
entirely due to the bending of the plate, and that no change 
in internal energy occurs due to changes in the strains in 
the middle surface, which remain approximately constant.
Also, owing to the fact that the strains in the middle 
surface remain approximately constant during small 
transverse deformations, the calculation of the change ^ 
in the angle a, Pig. 29a, p. 75, which occurs during this 
deformation, is facilitated by the assumption that the 
deformed surface is developable.
will the requirement of boundary
Section 8.2 (Continued)
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L^tana
Lptana
6=r*
(a)
T Q
Development of 
Cylindrical Surface 
of radius r, showing
 intersection with
middle-surface of 
deformed plate.
(b)
PIG. 29
In the steel foil experiments, L2 = h in., a = ^ .
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Section 8.2 (Continued)
If the amount of transverse deformation at some point, 
say at x = Lg, y = 0, he w q , then both the strain energy 
increase due to bending, and also the change ^ in the angle 
a, may be calculated in terms of wQ, so that by equating U, 
the energy gain, to the work done by a constant torque T 
the value of Tcrit may be obtained by elimination of wQ.
U = Tcrit X X .
It has been shown, (Section 11, p. 139, Ref. Id), that unless 
the true expression for the buckled surface is used, the 
value of Tcrj_t > obtained as above, will essentially be 
somewhat higher than the true one.
Assumed form of surface.
It is assumed that the deflected form of the middle- 
surface of the plate may be represented with sufficient 
accuracy by the expression:-
Bo + B1COS(« + B2cos(2tt
Eq. 33
The boundary conditions to be satisfied along the 
clamped edges are:-
(1) w = 0 at y = x.tana 
Substituting into Eq. 33 gives: Bq - + Bg = 0
(2) w = wQ at x = Lg, y = 0.
Substituting into Eq. 33 gives: Bq + B^ + Bg = 1
Whence Bq = - B^ and B^ = ■§■.
(3) The condition that 0  = 0 at y = x.tana is satisfied 
by the choice of the expression, for
w r % y y
0y = “ B1 tana sin^xtana^ + B2 tana sin(2*xtana^
a
= 0 when y = x.tana 
The boundary conditions along the entirely free edge PQ 
are not exactly satisfied by Eq. 33, as slight anticlastic 
curvature must occur there, and the developable surface 
conforming to Eq. 33 could only be a close approximation.
(77)
Section 8.2 (Continued)
Change in Internal Energy due to Bending.
The energy stored in an element of plate t, dx, dy 
can he expressed in terms of its transverse deflection w 
as follows
ITT Dau = g
',2 2 ,2 2 ,2 ,2 ,2 2 
(^-5) + + 2(1 - n)(-2-*-)
dx ay ax2 ay2
dx.dy
dx.dy
................  Eq. 34
The derivation of this expression is to he found in 
most text-books on the theory of hending of plates, for 
example, Section 11, p. 139, Ref. lc and p. 140, Ref. 14h 
The required derivatives for Eq. 34 are as follows
d w
a 2dx
a2d w
o
dy"
2 2 wQ x y
^2 x^tan^oc
o
B1cos(xxtana) + 4B~cos(2x
y
xtana
^2 xtan~a L 
2
y y
Blcos(',cxtana) + 4B2COB(8*Jti5S)
^2 w % yd w . o  *
■ =  +
dx .d y x tan a
y y
BlC0S('7C]ctana) + 4B2C0S 2^^xtana^
and substituting these into Eq. 34, we have:-
dU =
2 4 D w % o
2 Lgtan4a
y 1 2y
7  + 7  + 7'
2]
B^cos(xxi.ana) 
+ 4BgC0s(2x-
y
xtana-
and since B-
dU =
2 4 D w % o
—  2
' 4y
dx.dy
2 48 Lgtan a
2y
“6 + “  + “TX X X
COs(X'xtana-
+ 8BgCos(2x-
y
xtana dx.dy
(73)
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So for the plate PjPgQ^shown in Pig. 29a, p. 75, the strain 
energy due to the transverse deformation is given by:-
D w_x
8 Lgtan^a
+x.tana
-x.tana
2y
2-i
_
6 + ~  + 4Lx x x
cos(,ci £ E f  + 832 C0S( 2* H L f
or for the particular case under consideration, where
-dx.dy
y= +xD w %
U =
O £.D hj —w %
y  y
cos(x-) + 8BQcos(2x-)
X  d X  J
-dx.dy
8
28 1 3
r r + ~2 - ~ 4  _ 8B230 % 4%
80 656
f. 2 49x 27x
896 16
X T  + ~15 7C
tv 2 4D w _tc
4  l;
°^- ( 1 *027 - 5*211B2 + 61«32b| ) log — . . . Eq. 35
XiH
Calculation of the change in the angle a during deformation.
The plate is assumed to "bend to a developable form, and 
consequently all lines in its middle surface will he 
unchanged in length during the bending, that is, the bending 
strains are superimposed upon the strains already set up in 
the plane of the plate, and these latter are assumed to 
remain constant during small bending deformation.
(79)
Section 8.2 (Continued)
Thus if transverse displacements are assumed to he 
small, the displacement components of a point in the 
middle-surface at radius r will he in the transverse (w-) 
and in the tangential directions, that is, there will he 
no radial displacement.
Hence it will he necessary to integrate along the 
circular arc of radius r, in order to find the tangential 
displacement 6 of a point at radius r on the boundary line 
OP, (or OQ). Prom the displacement 6 the change ^ in the 
angle a may be computed.
Let the diagram, Pig. 29b, p. 75, represent the plane 
development of a cylindrical surface of radius r, the axis 
of the cylinder being in the w- direction through the 
point 0. The straight line QRP is the development of 
the intersection of the middle-surface of the flat, 
undeformed plate with the cylindrical surface. Let the 
half-length of this line (RP) in the development be L, 
so that L = ocr. The curved line Q'R'P* is the development 
of the intersection curve of the middle-surface of the 
deformed plate with the cylindrical surface.
Then the length R ’P ’ of half of this curve is also L = ocr, 
since no additional strain of the middle-surface has 
occurred during the bending.
(80)
Section 8,2 (Continued)
Using polar coordinates about 0, the transverse 
deflection w of a point r,0 in the middle surface of the 
plate is given by equation 33, p. 76, "by putting x = r cos 0 
and y » r sin 0
• . • • Eq,. 36
In order to avoid difficulties which arose when 
attempting to use this expression, it was decided to 
represent it approximately by a simpler form:-
If Cg is taken so that each expression gives the same
very small amount. This condition is met if:- 
Cg = 0*8584 Bg - 0*0425 
As before, ( p . 76 ), in order to conform to the 
boundary conditions: w = 0 at 0 = a; and w = wQ at 0 = 0,
r = Lg, we have:-
C - C. + Cc = 0 and C + C1 + C9 ■ 1O 1 2 0 1 2
Whence:-
0Q =* i - Cg and = i
w _ w £ COs
o Lg e [ b0 ♦  b ^ o s C *  f § s | )  + b2c o s (s x  | f s g ) ]  
Eg. 37
value for w at 6 = the two waves will only differ by a
Section 8.2 (Continued)
Consider an element of length ds along the line R ’P* , 
Pig, 29b, p. 75. For the elementary right-angled triangle
formed hy ds, dw and dl:-
(ds)2 = . (dl)2 + (dw)2 or ds = 1 *  ( i f )
i
dl
Hence we may write:-
r L TL-6^
L =/ ds =
J O  )
i +
_ Ml'
2
dl
1 + (— ) x + Ml'
_ i_
2
dl - &  * (if) j
L-6
2- 1
dl
dwAnd the last integral equals 6, since the slope is small, 
and the range between the integration limits is also small.
Hence, -
1 + (^)  ^ M l ;
1 + ($%) 1 + 'dl'
21
21
dl
dl
Nov/ - , l/dw\ JU/U.W^ x  /UHV\~ 1 + o U i / ~ + Ifi'rlV ~
1/dw^ 1 dW'
2 M 1 8 Ml' 16'dl
On our assumption of small deformations, we may ignore the
fourth and higher powers of the slope |g* , and we have:- 
L
Section 8.2 (Continued)
The change g in angle oc = ~ , and from Eq. 38, p. 81,
putting L = ocr and dl = r.de
& = a  (ff)2 ai
o
X
2
a
2r‘
( f ) de
0
Prom Eq. 37, at radius r:-
/dw\2 
MG' * w
o ^.2 r__ 
o t2
2
C1 a 8 i n a> + 8C2 S sin<8* a>
Hence - 
X
q
2 2 
wo*
2oc L2 J 0
a
C2sin2(-K + ^^gSinC^c ~)sin(2‘K |[)
2 2 w % o
2 ( 40? + 2C| )
22ah
+ 4CgSin8(2ic |) 46
Putting C^ = •§• as determined to suit the boundary conditions,
%
and noting that in the case under consideration, a = -g
(83)
/
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Calculation of the Critical Torque.
UWe have, from p. 76,- Tcrj[-t = ^  substituting
equations 35, p. 78, and 39, p. 82, this gives;-
1*027 - 5*211 Bg + 61*32 Bg
m
crit
2x
„ 2 4 wQ it
.2 0*0625 + (0*8584 Bg - 0-0425)2
hlog 7“  
L1
X3 D 
32
1*027 - 5*211 Bg + 61*32 Bg
0*06431 - 0*07297 Bg + 0*7369 Bg
log
Upon differentiating the portion within the square 
■brackets, a minimum value is found when Bg = + 0*04073, 
and this results in:-
Tcrit 14*2 D log L1
Eq. 40
It has already heen noted (p. 76), that, unless the 
true expression for the "buckled surface is used, the value 
of the elastic crippling torque T ^  obtained in this way, 
will he somev/hat higher than the true one* For this reason, 
the actual form of deformed surface will now he considered, 
particularly in cases where the plate is not fully 
triangular, and the value of log (kg/L^) is
(34)
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Actual form of deformed surface when is not zero.
It was observed during the practical experiments that 
when the plate does not extend to 0, the deformed surface 
does not conform to equation 33, 'p. 76, Straight lines 
in the surface are assumed by that equation to converge 
to 0, whereas, in fact, with narrow plates, straight lines 
over a large portion of the centre of the surface are 
approximately parallel to the intersection of the middle- 
surface with the wx plane, (i.e. parallel to the displaced 
axis of symmetry.) This is illustrated in Fig. 30c, p. 85, 
and the photograph, Fig. 30a.
If a narrow model plate is held in such a way as to 
compel deflection approximately to conform to Fig. 30d, it 
will spring into the form of Fig. 30c immediately upon 
release, showing that the latter form represents a lower 
strain energy content. It will be observed, from Fig. 30c, 
that very narrow strips of this form deflect in similar 
manner to a simple strut.
Attempts were made to devise a continuous equation 
representing a surface more nearly conforming to the real 
one for . all possible values of from zero to Lg•
No equation was found that could be easily manipulated into 
the strain energy equation 34, p. 77, and which also 
conformed to pure rotation of all points on OP and OQ about 
0, an essential requirement for the simple application of 
the Rayleigh method.
(85)
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Approximation for T .
Considering again the form of surface of Pig. 30c, 
p. 85, it is noted that a narrow strip plate will behave 
approximately as a strut with ends direction-fixed in the 
wy plane, in conformity with Eulerian theory.
Such a strip cannot he considered strictly as free to 
deflect without restraint from adjacent strips; there are 
clearly small shearing forces acting on the edges, giving 
a twist to the strip near the ends, Pig. 30c, and thus 
slightly increasing its strain energy. Thus, if the 
behaviour of an elementary strip is taken as approximately 
conforming to Eulerian theory, and a summation made over the 
whole area, the result will be somewhat less than the 
correct one.
Since Rayleighfs method is proved to give too high a 
result, it is clear that the true result will lie between 
that given by equation 40, p. 83, and that given by the 
method suggested above.
Consider a strip element, distant x from 0, of width 6x 
and length Sx.tana, Pig. 50c, and let the Euler critical 
load on this be 6P. Then, if it be assumed that the 
element is constrained to bend without anticlastic 
curvature
? 6x
6F = 4x D — p---p~
4x tan a
Let the part of the critical torque on the plate, due to 
this element, be
Section 8,2 (Continued) (87)
2
Now &Tcrit = x.6F = - £ P . • i 6x
tan a
2 T
^  Tcrit = %T>I 2 = *2d log ?  . . . Eq. 41
7 l x 1
As In the case of Eq.. 40, this also gives infinite values
L1
of Tcrit when = zero-
Upon inspection of Fig. 30c and 50d, it is evident
that narrow strips are free to deform to the shape of
Fig. 30c, whilst strips extending nearer to the apex are
constrained to deform more to the shape of Fig. 30d.
Thus it might he expected that the expression for T .. ofcrit
Eq,. 41 will apply to narrow strips, whilst values of T ..crit
approaching those given hy Eq. 40 will apply to wider strips. 
In the case of plates extending almost or right up to the 
apex, however, the question of plastic conditions must he 
considered, and this is now to he dealt with (p. 88).
Comparison with Experimental Results.
In Section 8.6.2, Fig. 43, p. Ill, (later in this 
report), curves of Tcrj^ / D from the Equations 40 and 41 
have heen plotted on a hase of the ratio L^ / Lg. 
Experimental values are also plotted, and they do mainly 
lie between these two curves. As would he expected, for 
narrow strips (values of / Lg near to unity), the 
experimental values lie almost superimposed upon the lower 
curve. When the value of L^ / Lg has fallen to ahout 0*39, 
the experimental values, still very close together, rise 
away from the lower curve, Eq. 41. For small values of 
Lf / Lg (values less than ahout 0*25), the experimental 
values of Tcr^^ ./D diverge. They do not, of course, tend to 
infinity, as do the theoretical curves, and the critical 
torque, for fully triangular plates, appears to depend upon 
a function of thickness other than t •
( 8 8 )
Section 8.5 ELASTICALLY UNSTABLE (OR COLLAPSE) CONDITION;
EFFECT OF MATERIAL NEAR THE APEX OF THE PLATE.
Since theoretical values of elastic collapse torque 
become infinite when the plate is completely triangular, 
there must he a zone near the apex where, in theory, the 
stresses become very high indeed, and it is reasonable to 
suppose that a plastic zone develops at the apex at the 
commencement of buckling, when bending is superimposed upon 
the plane stress system dealt with in Sections 7.1 to 7.3. 
The outer part of the plate, remote from the apex, will 
commence to deform elastically, according to Eq. 40, and 
and plastic conditions will extend further from the apex, 
as the transverse deformations increase.
It will he observed, Fig. 30b, p. 85, and, to a lesser 
extent in Fig. 30a, that hinges, fully or partly plastic, 
have developed at the apex, or at the inner corners, as the 
case may he, and they extend along the clamping edges, and 
the axis of symmetry, in the direction of the free edge.
Although the plates shown in these illustrations have 
been considerably deformed, yet it is clear from the 
foregoing that a plastic portion near the apex must exist, 
even when the bending deformation is very small.
Between the apex and the fully elastic part, there will 
be portions where partly plastic and partly elastic 
conditions exist, and where the reduced modulus or tangent 
modulus theories* developed by T. von Karman, and recently, 
F.R. Shanley, etc., for stanchions, (Section 11, p. 140,
Refs. 15, 17, 18 and 19b) might apply, but their introduction
Section 8,5 (Continued)
into the present problem would be a very complicated matter.
However, the existence of plastic material near the 
apex of the plate explains the reason for the critical 
torque of fully triangular plates not being simply 
proportional to t , but depending upon some other function 
of t. This matter was commented upon in the last 
paragraph of p. 87.
Section 8.4 THE PLASTIC CONDITION:
CASE OP SIMPLE FIXED-ENDED STRUT 
WITH THREE FULLY-PLASTIC HINOES.
A consideration of this simple case will now be of use.
The strut is assumed to be of rectangular section, of breadth
b, and thickness t, with fully plastic hinges at points (i),
(ii) and (iii), Pig. 31a, p. 90; the strut, except at these
points, is assumed to be a rigid bar.
A direct thrust N is applied at (i) and (iii).
For the equilibrium of the top half of the strut, when
lateral deformation has set in, Fig. 31b, p. 90, moments
must be applied at (i) and (ii) such that:-
2 M = N e or M = •§■ N e ................. Eq. 42
The relation between the thrust N, and the moment M
carried by a fully plastic hinge is as follows
2
(90)
Section 8.4 (Continued)
Where M is the fully plastic
Jr
moment:- «
Mp
fYp h t' N N
And N the fully plastic 
thrust:-
n p = fYP p t
(iii)
N
(a) (b)
fYp being the lower yield 
point stress of the material.
For mild steel, the values of 
yield point stress in tension 
and in compression are almost 
equal: it is usual to use the 
tensile value in plastic design 
calculations. The possibility 
of slight error due to this is 
commented upon by Baker, Horne 
and Heyman (Section 11, p. 140,
Ref. 19a).
Equation 43, p. 89, was first obtained by K. Girkmann, 
in 1931, and is developed in a text-book by B.C. Neal, 
(Section 11, p. 140, Ref. 16a).
From Equations 42 and 43, p. 89,-
2
S—£ = i - (JL) 9 and substituting the expressions
FIG. 31
for 31 and N 
P P
N e
1 - (
N
2 .
Whence:-
fYP
fYp 1°t
N - fYP .b [(e2 + t2)2 - ej , and for convenience 
putting n ss e/t , we have, for unit width b ,-
N = fYp . t . ^ (i? + 1) ^  — nJ * • * . Eq. 44 •
(91)
S E C T I O N  8>4 ( C O N T I N U E D )
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In Pig. 32, a graph is drawn of the quantity  r ,
YP
on a base of n.
It will he noted that, t and fyp being constant, as 
the deformation e increases, the thrust N which can be 
carried, falls off. For instance, by the time the 
lateral deformation e becomes twice the thickness, the 
thrust is only 0*21+ of its value when e is zero, that is, 
0*2U of f^p.b.t.
The relationship shown by the curve of Pig. 32, 
applying, as it does, only to a strip element of a strut 
in the extreme assumed condition of fully plastic hinges 
at the ends and centre, cannot, of course, be directly 
compared with the gusset, in which the extent of fully
Section 8.4 (Continued)
plastic conditions in the three possible directions in 
which "hinges’' can develop, is not known. Nevertheless, 
this case of a simple strut with fully plastic hinges 
does explain the falling-off in load as deflection 
increases, and which may be expected to some extent when 
plastic conditions exist, even if the hinges are not fully 
plastic.
Actual curves, plotted from experimental results with 
struts, due to von Karman, are published for various ratios 
of slenderness, (Section 11, p. 140, Ref. 18), and these 
curves show a falling-off in load, which is more marked for 
struts of low slenderness ratios, as would be expected.
In the experimental results of the present gusset-plate 
report, Section 8.6.2, similar curves were obtained, (Pigs. 
37, 38, 39 and 40, p.p. 105, 106 and 107), and it is noted 
that the falling-off of the torque as deformation proceeds 
is much more marked in the thicker sheets extending to the 
apex, (Form Reference "A", Pig. 36, p. 102), than it is for 
the thin, narrower sheets. This would be expected, as the 
plastic zone would spread further in such cases, as the 
deformation proceeds.
In the case of narrow, thin sheets, no falling-off 
at all was observed, indicating purely elastic collapse.
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Section 8.5 APPROXIMATE THEORY TO EXPLAIN THE
MECHANISM OF COLLAPSE.
For the reasons discussed, a simplified artificial 
mechanism of collapse is envisaged, which could reasonably 
be taken as approximately equivalent to the actual complex 
condition, and would enable an empirical formula to be 
developed*
At the commencement of buckling, the full triangular 
plate is assumed to consist of:~
(1 ) A wedge-shaped portion near the apex, which is assumed 
to be in a fully plastic condition without transverse 
deformation.
(2) The remaining trapezoidal portion of the plate, which 
is assumed to be entirely elastic. (Fig. 33)*
The position of the boundary between these zones is 
determined so as to give a minimum value of the total 
resisting torque due to both zones together, this value 
being taken as the lowest torque at which collapse can
Elastic Zone
Plastic Zone
mL2\
Fia. 33
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If the fully plastic wedge extends from the apex a 
distance of m.Lg, and the fully elastic portion from x = m.Lg 
to x = Lg, the thrust on the v/edge will he N = m.L^.t.fyp, 
and since the material there is assumed to he fully plastic, 
the arm.of the thrust is -g-.m.Lg, giving:-
Torque due to resistance of plastic wedge
2T2 . ~ .
HI IJq  • U • X -rrr^
= Tp =  2................ * • Eq. 45
Considering also now, equations of the form 40 and 41, 
p.p. 83 and 87, that is, -
Lo
Tcrit = E.D log —  (for the elastic part; where K is
^ a constant: 14*2 in Eq. 40, and 
tt2 in Eq. 41.) 
it will he necessary to find a value for m.
The lowest torque at which collapse can occur, say T^ina^ 
will clearly he given hy the sum of T for the elastic 
portion, and T^ for the plastic portion, m heing determined 
to make T ^  ^ a minimum, as follows:-
hinal = ^ . t . f Yp - K.D. log ~
■^(^ ■f inal) 2 1_ . m.Lrt .t .f.rT, - K.D. — = 0 for minimum
o
dm 2 * YP m m
2 final
Lo.fVo-m° - K.- — u— s- = 0
3 YP 12(1 - f )
m = - (----------- 9 an(i thus:-
E.t
T^. = K.Dfinal
2 *YP
2 T
12 L0 fvr)(l “ M- ) _ g
2 YP12 LS fvr)(l-H )V + log
K. E t2
.Eq. 46
This empirical expression is therefore put forward - 
a close verification was obtained in the results of the 
collapse experiments with the steel plates, Pig. 57, p. 136. 
The preliminary experiments with steel foil, gave approximate 
verification, Pig. 44, p. 113, hut the comments on p.p. 112, 
114, should he noted.
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Section 8.6.1 PRELIMINARY EXPERIMENTS ON COLLAPSE:
DESCRIPTION OP APPARATUS.
As a guide to work on thicker plates, some experiments 
were carried out on small plates cut from bright steel foil, 
of several thicknesses. The purpose was to observe for 
each thickness, not only the resisting torque at successive 
stages of deformation, but also to observe the effect on 
this torque when the plates were not completely triangular, 
that is, when they did not extend completely into the apex.
Plates of the forms shown at A to H, Pig. 36, p. 102, 
were tested. These diagrams, Pig. 36, give the net
dimensions of the plates, excluding the portions under the
clamps, in each of which portions were drilled a row of 
holes for the clamping screws, as shown in the photographs, 
Pig. 35a, p. 100, and Pigs. 30a and 30b, p. 85.
The apparatus constructed for these preliminary tests 
is shown in Pigs. 34, 35a and 35b, pp. 99 - 101. It consisted 
of a steel framework, with a vertical member (1), Pig. 34, 
having a hardened steel knife edge (2) at its upper end.
Later, the arrangement as shown in the photographs, Pigs. 35a 
and 35b, was slightly modified, the knife edge being divided 
at the centre, so that the plates, with their clamps, could 
extend right into the apex. For example, the plate shown in 
the photograph, Pig. 30b, p . 85, could then be accommodated.
Behind the vertical member (l) were two square section 
steel clamping bars, (3), to secure the vertical edges of the
plate specimens (5) , the clamping pressure being produced by
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Section 8.6.1 (Continued) 
a row of No. 4 B.A. screws (4).
Resting on the knife edges were two steel bars (6)(6), 
of the same size of square cross-section as the bars (3)(3), 
and clamped together over the horizontal edges of the test- 
specimens by a similar row of No. 4 B.A. screws, (7).
A link (8) was built up from flat steel strip, and the 
top and bottom horizontal members of this were formed into 
knife-edges. The link was placed in the position shown 
in the diagram, the knife edge on the underside of its top 
member resting on a V-groove machined transversely across 
the top of members (6)(6) at a distance of 2*625 in. from 
the fulcrum knife edge. Since the shear along the clamping 
edges tended to cause the top members to slide horizontally, 
(to the right of the sketch), the provision of a block (9), 
screwed to the underside of the bars (6)(6), maintained the 
knife edge (2) in its proper position relative to the upper 
bars (6)(6) .
To avoid a tendency of the bars (6)(6) to tilt on the 
knife edge (2) - a difficulty encountered at first with 
narrow strips - two exactly similar plates were tested 
simultaneously each time • They were constrained to deflect 
in opposite directions by a small wedge of paper placed 
between them at the middle of the outer edges. This wedge 
dropped clear early in each experiment, long before the 
maximum load was reached, and would only affect the load 
values at very small deformations.
(97)
Section 8.6.1 (Continued).
Capable of sliding along the bars (6)(6) was a 
saddle (10) of inverted channel section, with a V-groove
i
machined across its top face. A knife-edged ’’yoke” bar 
rested in the groove, and carried at each end a 
balance-weight (12)(12).
To balance the apparatus, the top bars (6)(6) were 
clamped together, without test-plates, and the link (8) 
attached, with proving ring (13), lower links (14), screw (15) 
and spoked handwheel (16). The saddle and balance-weights 
were also placed on the bars, and this whole assembly placed 
on the knife-edges (2) and balanced by means of the adjustment 
of screws (17) and (18). These screws were then locked in 
this position, and the balance-weights and saddle removed.
The bars (6)(6) could then be separated for the insertion of 
test-plates, and afterwards the balance-weights replaced in 
exactly the correct position. The dial gauge (19) of the 
proving ring was set to zero whilst the handwheel, screw, 
etc., were suspended from the proving ring.
In the photographs, Pigs. 35a and 35b pp. 100, 101, a 
second dial gauge is shown, its purpose being to measure the 
vertical deflection of a point near the end of one of the 
bars (6). Owing to the slight amount of friction of the 
gauge, it was thought better to substitute for this a 
micrometer head, with a pointed spindle-end (20), Pig. 34, 
p. 99. This was clamped to the steel upright, but was 
insulated from it by hard fibre pads, so that each time the
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deflection was to be measured, the micrometer spindle 
was screwed down until, at the instant contact was made, 
an electric circuit was thereby closed, and a small bulb 
illuminated.
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SECTION B. 6. I (C O N T  I NU ED )
5 - 9 5 0 -------- I N S U L A T I N G
B L O C K
2 0 - C O N N E C T I O N  
T O  F R A M E  V I A 
B U L B  A N D  
BA TT ER Y .
S C A L E:  ' / 4
D I A G R A M  OF APPARATUS U SE D  IN  
T H E  S T E E L  F O I L  E X P E R I M E N T S .
FIG. 34.
Calibration of Proving Ring:
0*242 lb per division (0 * 0 0 0 1  in.)
Torque carried by each plate
a 0*242 x 2-625 x J lb-in. per division
= 0*3176 lb-in. per division.
If vertical displacement at Micrometer head = h in., then 
change g in half apex angle = g x 5 . 9 5  = 0*08403 h.
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FIG. 35 (a)
APPARATUS USED FOR COLLAPSE EXPERIMENTS 
ON MODEL STEEL FOIL GUSSETS.
( 1 0 1 )
Section 8.6.1 (Continued)
FIG. 55 (b)
ANOTHER VIEW OF APPARATUS USED FOR COLLAPSE 
EXPERIMENTS ON MODEL STEEL FOIL GUSSETS.
Section 8 <o >1. • (Con <in\i©(i) 1^02)
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Section 8>6 .2 EXPERIMENTAL WORK WITH STEEL FOIL.
In order to examine more closely the relation between 
the ratio L^/L^ and the collapse torque, specimens were 
made and tested, of each of the forms A to H shown in 
Fig. 36, p. 102. (Two specimens in each of four different 
thicknesses of foil, for each form).
Steel "shim” foil was used in these preliminary 
collapse experiments, because it is a bright material, 
fairly uniform in thickness, with no scale to make thickness 
measurement difficult. Against this, it should be recorded 
that with sheets so thin as these, yet only two significant 
figures could be relied upon in this measurement.
The thickness was measured by means of a 1/10,000 in. 
dial gauge in a special clamp. Measurement with a 
micrometer was found more difficult.
This is a cold-worked material, and no sign of yield 
was detected during tensile test (Fig. 68, p. 163); however, 
this result, with such thin sheet, may not have been 
reliable; the slip lines of Fig. 2b, p. 10, which developed 
fully just prior to fracture, do indicate some yield.
The sheets were in places somewhat ’'dished” , - very 
slightly indeed, but this could be detected by a slight 
"click” when bent - such sheets were avoided as far as 
possible. Under test, the effect of this "dishing” was 
that the load rose to a value higher than expected, and 
then the plate clicked, and the load fell with a jerk.
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Where any suspicion of this existed, the specimens were 
rejected, new ones made, and further tests carried out.
The results of the tests on steel foil are tabulated 
in the Appendix, Section 12.2. A summary is given below:-
COLLAPSE TORQUE.
Plate Form Plate Thickness, in .
Ref. Ratio L-j/Lg 0*0104 0 *0071 0*0043 0*0036
Collapse Torque, lb--in.
A 0*000 101 *0 33*9 9*49 5*72
B 0*070 77*1 26*4 6*45 3*97
C 0*130 63*0 21*7 4*92 2*92
D 0*254 46*8 14*6 3*18 1*94
E 0*387 28*2 9*14 1*94 1*14
F 0*503 18*9 6*32 1*33 0*83
0 0*761 6*29 2*43 0*52 0*30
H 0*842 3*11 - - -
COLLAPSE TORQUE DIVIDED 3Y PLATS STIFFNESS.
Plate Form Plate Thickness, in •
Ref. 0*0104 0*0071 0*0043 0*0036
Flexural rigidi ty or Plate
stiffness, (D) lb-in. *
3*02 0*956 0*209 0*122
Values of T , / DcriTi *
A 33*4 35*5 45*3 46*9
B 25*5 27*6 30*8 32*5
C 20*8 22*7 23*5 23*9
D 15*5 15*3 15*2 15*9
E 9*33 9*56 9*29 9*35
' F 6*26 6-62 6*38 6*80
G 2*08 2*54 2*49 2*46
On pages 105, 106 and 107 are plotted curves of 
Torque on a "base of change \/2 i*1 ‘khe angle oc, from the 
experimental values in the Appendix, Section 12.2.
These curves have already been referred to on p. 92.
The maximum values of torque in these graphs are 
those given in the upper table on this page.
* These values were obtained experimentally:
Appendix: Section 12.1.2, p. 161.
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Section 8.6*2 (Continued)
On Fig. 41, p. 109, are plotted experimental curves
L1of collapse torque on a "base of ratio for each of the
2
four thicknesses of foil used.
This relationship has also "been plotted, in a different 
way, on double logarithmic paper in Fig. 42, p. 110.
Points are plotted of Collapse Torque on a base of 
Thickness, and the sloping straight lines on the diagram are 
interpolated through the points representing each plate form: 
A, B, C, D etc., (Fig. 36, p. 102). Thus each, line
t t
approximately represents the Torque / Thickness relationship
hfor a particular value of the ratio •
2
(in the suggested empirical Equation 46, p. 94, for wide 
plates of Form "A”, Fig. 36, p. 102, the relationship between 
the logarithms of collapse torque and of thickness is not 
linear, so that the straight lines of Fig. 42, p. 110, can 
only approximately represent this relationship; they should be 
actually very flat curves, and are drawn as such in Fig. 44, 
p. 113, and Fig. 57, p . 136.)
However, the slopes of the straight lines, on the double 
logarithmic paper, are as follows 
Plate Form
Reference: A B C D E F G
L 1Ratio : 0*000 0*070 0*130 0*254 0*387 0*503 0*761
2
Slope of Line
= log T / log t: 2*61 2*73 2*85 2*90 2*95 2*92 2*92
This indicates that whereas for strips of form D to G 
the torque is related fairly closely to t , yet for plates of 
form A, B and C the dependence on t is not so close, in fact,
n 0$:
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Section 8*6.2 (Continued)
it would appear that the torque is related to some function
E t3of thickness other than D = ------— o , the plate stiffness.
12(1 - M- )
In Pig. 43, p. Ill, curves of T / E>, on a base of 
1the ratio =—  have been plotted from the equations 40 and 41,
2
and the experimental values from the series of tests under
discussion are plotted on the same diagram.
As already noted on p . 87, while the values show close
conformity with the lower curve for the narrow strips, yet
for wider plates, approaching the full triangular form "A",
the values become divergent, indicating again that here the
torque depends upon some function of thickness other than t .
*
In Pig. 44, p. 113, the values of collapse torque are
plotted on a base of foil thickness, for the gusset-plates
L1of form reference "A” only, (y- = Zero), and on the same
2
diagram is drawn a curve of equation 46, p. 94.
Por the purpose of drawing this curve, K was taken as 14*2
because the plate is of full triangular form, and will deform
as in Pig. 30b, p. 85, not as in Pig. 30a or 30c. The
6 t3value of D was taken as 31*8 x 10 x -r—  , which is the 
average value determined by experiment, Section 12.1.2, p. 161. 
In regard to fyp> no definite yield point was discovered in 
the tensile test of the material, Section 12.1.2, p.p. 162,
163. The value of the Ultimate Stress was used here, - 
65,400 lb/ii?, knowing that this would probably give too 
high a result, and whilst the curve of equation 46 runs
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approximately parallel to the line of experimental points, 
it does lie above them.
Bearing in mind the unsuitability of the steel foil 
for experiments involving a yield point figure, and in 
order to check this approximate method further, tests 
were now carried out on larger and thicker steel plates, 
both in the elastically stable, and in the collapse 
condition.
The new apparatus, and the experimental work in this 
new series of tests, will now be described.
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Section 9.1 EXPERIMENTS WITH LARGER AND THICKER PLATES
IN BOTH STABLE AND COLLAPSE CONDITIONS.
DESCRIPTION OF APPARATUS.
The testing machine used for this purpose was an 
"Avery” Type 7102 CCH, with load ranges 0 - 1*5, 0 - 3*0, 
0 - 7 5  and 0 - 1 5  tons. This machine is tested by the 
makers periodically to the Grade "A" conditions laid down 
by the British Standard No. 1610, Part I, 1958. No further 
check of the calibration was made for the particular 
experimental work described in this report.
A clamping frame of the form shown in Pigs. 45 and 46,
pp. 119, 120, was constructed in such a way that it could be
used in conjunction with this machine. The frame consisted
of two 2-g- in. x 2-|- in. x \ in. steel angles, (l)(l), bent in
the middle of their lengths at right angles, and bolted
together, with the gusset-plate specimen (3) in between.
The shape of the specimen corresponded to the outside
*
profile of the angles, and the clamping pressure was 
produced by rows of half-inch diameter bolts, nine in each 
limb, the bolts passing through holes drilled through the 
angle flanges and the gusset specimen. A profile of the 
gusset-plate specimen (3) is shown in Pig. 47, p. 121.
It will be noted that, to avoid possible difficulties 
in regard to a hinge-pin, the horizontal legs of these 
clamping angles were continuous at the apex (2), the 
vertical legs being cut away. This provided an elastic 
hinge instead of a pin-joint.
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t
To stiffen the angles, and also to provide lugs for^ 
the pins (h)(k) by which the load was applied, four 
half-inch thick plates (5)(5) were brazed to the angles 
as shown.
Two half-inch diameter steel rods (6)(7) were attached 
to the outer extremities of the angle frame, and a dial 
indicator (10) was attached at the lower end of the upper 
rod, making contact with a small steel pad at the top of 
the lower rod. It was arranged that the contact point 
was as nearly as possible on the axis of symmetry of the 
gusset plate specimen. This enabled chenges in the apex 
angle to be computed. The distance from the centre of the 
metal "hinge" at the apex to the line of movement of the 
indicator spindle was 1 1 * 2 3  in.
The machine is shown, with the clamping frame and a 
gusset-plate specimen in place, in Fig. hQ, p. 122, 
arranged for tensile tests. Fig. k9f P* shows a 
closer view of this arrangement.
The arrangement for compressive tests is shown in 
Fig. 30, p. 12L. A pair of longer straining rods was 
specially made for the machine, in order to give a larger 
opening for compression testing, and so to accommodate the 
straining frame for such tests. These rods may be seen 
clearly in Fig. 50.
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Figs. k5 and U6, p.p. 119» 120, show the specially 
constructed eye-bolts (8)(8), and the hinge-blocks (9)(9)» 
by which the straining frame was attached to the "Avery" 
testing machine, for tension and compression tests 
respectively.
Calibration tests for the frame, both in tension and 
in compression, were carried out by means of the indicator 
(10), with no gusset in place, in order to determine the 
elastic resisting moment of the "hinge" of the clamping 
angles at the apex, for small changes in the apex angle.
A deduction was made for this moment, in computing the 
torque applied to the actual gussets under test. Also 
an estimated deduction was made for the very small amount 
of friction at the hinge-pins (L)(L). A note on the 
calculation of these corrections appears on p. 1 3 h.
Four mild steel gusset-plates were tested, their 
nominal thicknesses being B.G. Numbers: 10, 11, 1L and 16. 
They were cut from plates obtained in the normal commercial 
market. Their mechanical properties were determined by 
experiment, and the results are given in the Appendix, 
Section 12.1.3* P* l6i+«
To the 1U B.G. plate were attached electric resistance 
strain gauges on each side of the plate in the positions 
numbered 1 to 9 on Fig. h59 V* 11 9« This arrangement may 
be clearly seen on Fig. L9» P* 123* "Dummy" gauges were 
attached to a separate plate, which may be seen on the right
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in Fig. U8, p. 122. To the other three plates were 
attached strain gauges on each side in position numbered h 
only.
All the strain gauges used were of the self-adhesive 
type SEA/5 made by Teddington Industrial Equipment, Ltd. 
They were used in conjunction with a direct-reading strain 
meter and apex unit made by H. Tinsley & Co., Ltd.
A number of gauges were checked for calibration on a beam 
loaded with uniform bending moment; also strain gauge 
readings along the free edge of the gusset-plate specimens 
were approximately verified during the tensile tests by a 
"Hounsfield" extensometer of 2 in. gauge length. The 
fixing of the strain gauges in their correct positions 
was facilitated by the use of a stiff card template.
The theory and practical application of electric 
resistance strain gauges is described in many recent text­
books - for example, the three works on strain gauges 
mentioned in the Bibliography, Section 11, p. 139*
Refs. 6, 7 and 8. Such description is therefore not 
included in the present discussion.
It should be noted that, in the tables of readings, 
Appendix, Section 12.3, P-P* 182 - 193» the letters "A" and 
"B,f are used to designate gauges mounted on opposite sides 
of the plate, all those marked "A" being on one side, and 
all those marked "B" on the other. These were easily 
distinguished during the experimental work, by using black 
leads for "A" gauges, and red leads for "B" gauges.
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FIG-. 48
AVERY TESTING- MACHINE ARRANGED FOR 
TENSION TESTS OF GUSSET PLATES
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PIG. 49
GUSSET PLATE AND CLAMPING FRAME SET UP IN 
TESTING MACHINE FOR TENSION TESTS. VIEW 
SHOWING STRAIN GAUGES.
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AVERY TESTING MACHINE ARRANGED FOR 
COMPRESSION TESTS OF GUSSET PLATES
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Section 9.2 EXPERIMENTS WITH LARGER AND THICKER PLATES 
IN BOTH STABLE AND COLLAPSE CONDITIONS.
EXPERIMENTAL WORK.
Tension Tests. Tension tests were first carried out,
within the elastic limit of the material, gauge readings
of the strain meter "being taken both during loading and
unloading. If the.strain reading from any gauge failed
to return reasonably closely to zero after unloading, that
gauge was removed and replaced, and the test repeated the
following day, to allow time for the adhesive to set.
The readings of the tension tests are given in the Appendix,
Section 12.3, p.p. i82 - 189-
In Pig. 55$ p. 131, the results for the various gauge-
points, Nos. 1 to 9 on the No. 1b B.G. plate are plotted
(applied torque on a base of strain), whilst in Pig. 56,
p. 132, the values of the stresses, divided by E^, computed
from these strains are plotted for unit torque, for
comparison with the theoretical values shown in Pig. 10,
Section 7*1 , P- bO. The method of computation is explained
on p .p . 1 3 0  and 1 3 3 •
Results of the tensile tests, for all four plates
tested, at strain gauge position No. b only, are plotted
in Figs. 51 - 5b, p.p. 127 - 129, in conjunction with the
compression test results. In plotting the results of the
tensile tests on these latter graphs, the average values of
the strain readings are plotted; the small discrepancies
may be seen by an examination of the tables of readings,
p.p. 182, 183. (However, for the compression tests, to be
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next described, it will be noted that, at each load, separate 
points are plotted for both A and B strain gauge readings, 
as soon as these are sufficiently far separated to be shown 
as two points.)
Compression Tests. Compression tests were commenced by 
loading up to a point well below the estimated collapse 
load, and then unloading. Here again, if the reading of the 
strain meter did not return reasonably close to zero, faulty 
gauges were removed and replaced, and the initial load 
repeated after the adhesive had set. Only when the gauge 
readings returned reasonably to zero after removal of the 
trial load, was the loading up to collapse carried out.
The reason for this was, that since in the final test of each 
plate, readings during unloading were not taken, owing to the 
large amount of permanent deformation that occurred, the only 
indication of a gauge that had slipped during the final test 
would be inconsistency in the results. Only the readings of 
the final test in each case are recorded in the compression 
test result tables, p.p* 190 - 1 9 3 *
The loading in each final test was carried on until the
maximum load had been passed and a more or less rapid fall
had begun; in order to avoid permanent damage to the elastic 
connection at the apex of the clamping angles, each test was 
stopped at this stage. Actual readings of deflection and
strain were not taken for loads beyond the maximum.
The resemblance is noted between the diagrams on p.p. 
127-129, and those obtained for columns by F.R. Shanley,
(Section 11, p. 140, Ref. 17a).
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Notes on the Diagram of Stress Distribution (Fig.56, p.1 52).
This diagram is drawn to show further verification of 
the theory of the elastically stable stress distribution 
(Section 7.1 and Fig. 10, p. kO), already demonstrated in 
the results of the preliminary photoelastic experiments 
plotted in Fig. 23, p. 63*
Eighteen strain gauges were used on steel plate No. 3, 
(thickness 0*080 in.), nine in the positions shown in 
Fig. U5, p. 119* on the front face of the plate, and nine 
in the corresponding positions on the back.
The strains recorded during tensile loading were 
averaged as between front and back, and loading and 
unloading, for each position, and were plotted against 
torque (Fig. 55 * P* 131)*
Calculation of the c stresses along the free edge PQ.
i/
The values of strain e per unit torque were calculatedy
from the slopes of the graphs on Fig. 55* p. 131* for the
strain gauge positions numbered (1) to (I*).
It will be noted that on Fig. 10, p. hO f theoretical
values of a / (Ex) are tabulated and plotted to show the y ^
distribution of normal stress in the -Y direction along PQ, 
that is, oy is there expressed in terms of E andX. For 
comparison, therefore, the experimental values will now be 
expressed in the same form. a e
Along PQ, a = E.e and hence
«y v
The value of ^ at unit torque for plate No. 3 was found to be 
0*000021U; it is the reciprocal of the slope of the straight 
portion of the graph Fig. 53* P* 129*
The values of a / (Ex) along the free edge PQ are thus
y x
obtained by dividing the strain ey at each point by ^ •
These values are plotted in Fig. 56, p. 132, in comparison 
with the theoretical curve from Fig. 10, p. hO.
It is noted that the actual positions of the gauges
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Section 9.2 (Continued)
(1) to (U) are 0*2 in. inside the free edge, and thus by 
talcing a as E.e we are neglecting any slight compressive
%f tX
stress at these positions; a is almost zero there, since 
the free edge is so close. (The theoretical curve of o 
represents values of that stress at the edge.)
Approximate calculation of the a and o stresses along
X"”' ,M 1,1 y 1
the axis of symmetry OX. (Along OX, a = a and aA = a )r x o y
Values of strains ex and e^ per unit torque were 
obtained from the slopes of the graphs, Pig. 55» P* 131 > 
for the strain gauge positions numbered (U) to (9)* These 
values were then plotted on a base representing the axis of 
symmetry. It is appreciated that greater accuracy could 
have been obtained here if a greater number of strain gauges 
had been employed - preferably of the "rosette’* type. 
However, since along OX only three gauges - (!+), (6) and (8) 
recorded e and three others - (5 ), (7 ) and (9 ) recorded e . 
lines of constant curvature were drawn through each set of 
three points, and talcing values from these curves, o / (E&)A
and a / (E^) along OX were calculated and plotted at they  *-
positions shown in Pig. 5 6 , p. 132.
The expressions used were as follows:-
Oy = — -— g (ey + >l'ex ^ ...............Eq.. U7-
o
1 - II 
E
* - 1 _ 2 '-x y
(e + M-.e ) . • • . . Eq.. U8.
(Section 11, p. 139, Refs. 2c and 6a).
Prom these are obtained:-
2 ( e  + H .e  ) a  2 (e  + n.e )
-2 =  Z and -2 = ---------J -
\(1 - (t2 ) E| X O  - H )
The value of |i was taken as 0*27 (Ref. p. 168), and 
^ per unit torgue as 0*000021 U as before.
It should here be noted that the value of Poisson’s
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Ratio for C.R. 39 (p, = 0*38), was used in forming the 
simultaneous equations on p. 36, for the stress 
distributions of Pig. 10, p. 40, and this is not the value 
for steel plate, which averaged 0*27 (Appendix, Section 
12.1.3, p. 168.) The equations affected, Nos. 7/1 to 7/6, 
p. 36, were therefore re-calculated, taking p = 0*27, and 
the twelve equations were solved again.
Por this very large reduction in the value of Poisson* 
Ratio, the calculated o stress at the mid-point of the 
free, edge was 1*302 Eg, as compared with the previous 
calculated value of 1«252 Eg, (a change of only +4 %), 
thus bearing out the comment on p. 35 regarding the effect 
on stress distribution of variations in PoissonTs Ratio.
The theoretical curves of Pig. 56, p. 132, are drawn 
from the revised solution, taking p as 0*27: they differ
only very slightly from those of Pig. 10, p. 40.
Note on the Corrections for the Elastic Resisting Moment 
at the flange "hinge". and for friction at the top and 
bottom Hinge-Pins.
(These corrections were referred to on p. 117),
It was considered sufficiently accurate to assume a 
coefficient of frintion of 0*06, for intermittently oiled 
surfaces, as the correction itself is very small indeed.
Prom calibration tests of the frame without a plate 
in position, the load on the machine in tons was found to 
be equal to 7*20 times the deflection dial reading in 
inches. (This is, of course, inclusive of the load 
required to overcome the friction torque of the top and 
bottom hinge-pins.)
Actual Torque 
on Plate,
Tons-in.
Load on 
Machine 
Tons.
Load on 
Machine 
Tons.
Deflection 
Reading, in. x 7*20
25 - 0*06 x 0-625^
Deflection 
Reading, in. x 7-20 x 5-21
. . . . Eq. 49
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Equation 49 on the previous page was used for calculating 
the values of Torque from the Loads in Section 12,3.
The radius of the pins was 0*625 in., and the arm of the 
load was 5*25 in.
EXPERIMENTAL RESULTS ON COLLAPSE:-
Verification of Experimental Results with Equation 46. p.94
The maximum torque reached in each of these four 
collapse experiments is plotted in Pig. 57, p. 136, on a 
hase of plate thickness, and on the same diagram is a 
curve of equation 46:-
7 i + log
‘IS l| fyp (1 - M2)' i
2
K. E t *
K was taken as 14*2, D as 31*9 x 10 x ^  lb.in., and the
o
lower yield point as 35,500 lb/in (Average values of D and 
fyp as determined by experiment, Section 12.1.3,
p .p . 166 , 168 .
It will be seen that the experimental values agree 
very reasonably with the approximate theory of Section 8.5, 
as represented by equation 46.
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Elastically Stable Condition.
The results of the photoelastic experimental work,
Pigs. 23 and 25, p.p. 63 and 67 respectively, and of the 
experiments on larger plates of steel, Pig. 56, p. 132, 
conformed reasonably with the plane stress distributions 
arrived at by the approximate theory of Section 7.1, and 
indicated in Pigs. 10, 11 and 12, p.p. 40, 41 and 42 
respectively. It was found particularly difficult, 
however, in practical experiment, to define boundaries and 
boundary conditions in the near locality of the hinge-pin 
or other connection between the clamping-bars at the apex; 
it was noted that the fit of the pin must have considerable 
influence on the stress distribution in the locality of the 
pin, and to observe the effect of complete withdrawal of the 
pin, an experimental demonstration is given, by a comparison 
of Pigs. 24, p. 65 and 26, p. 6 8 , and also of Pigs. 28a and
28b, p. 72. These are commented upon on p.p. 69, 71.
2
The interesting theoretical case, when p = tan a,
(p.p. 4 3 , 4 4 ), resulting in simple tension in the plate, 
was not investigated experimentally.
Elastically Unstable (or Collapse) Condition,
Approximate expressions were developed
(a) Equations of the form:
T . . = K .D. log 7 ^ E9.s • 4 0  9 4 1crit 1^
For trapezoidal gusset-plates, not extending to the apex. 
Experimental results are shown compared with the 
theoretical curves on Pig* 43, p. 111.
(133)
Section 10 (Continued)
(b) An empirical expression of the form: 1
2 „ 0 . 2  
1 2 Lg fYp (1 - M- ) ^
2 + lOghinal = K -D ^
K. E tS
• • • * ii»q • 46
For fully triangular gusset-plates extending right into
the apex* Experimental results are shown compared with the
curve of this expression on Fig. 57, p. 136.
Equation Type (a), p. 137, applies to plates in the form
L1of comparatively narrow strips, (values of ~  from about 0*25
2
to unity). Equation Type (b), in the form given, is proposed
only for the fully triangular form of gusset-plate as
^1 ^1commonly used, (value of 7—  = Zero). Gases where t—  is
2 2
greater than zero but less than 0*25, would require to be
estimated.
In the course of these experiments, it was noted that 
the curves of Torque/Deformation (p.p. 105 - 107) are similar 
to the curves obtained by T. von Kamnan for struts loaded 
beyond the elastic limit. (Section 11, p. 140, Ref, 18).
It is realised that to obtain more reliable conclusions, 
it would be necessary to carry out experiments with a much 
greater number of plates of material of specially selected 
uniformity, both in physical characteristics and in thickness.
In the case of the collapse condition, a number of plates 
giving a range of values of Yield Point Stress and Elastic 
Modulus would be desirable, in order to verify expressions of 
the empirical form proposed, over as wide a range as possible.
(139)
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Section 12. 1. 1 DETERMINATION OF THE PROPERTIES OP
COLUMBIA RESIN NO. 39.
(1) Determination of Fringe Value.
A teat-piece of Columbia Resin No. 39 was, cut and
finished to the dimensions shown in Fig. 59, p. 142.
It was taken from the same plate as that used for the
experiments of Section 7. 3. 2. Details of the method
used for drilling and finishing the material are given
in Section 7.3.1 on p. 47.
The optical system of the polariscope was the same
as that used for the gusset-plate experiments, and is
illustrated in Fig. 20, p. 55. The light source was a
mercury vapour lamp, which was used in conjunction with
a "Wratten" No. 77 filter. To avoid time-edge effects
as far as possible, the test-piece was fitted into the
straining frame of the polariscope within a few minutes
of completion* The straining frame used was not that
shown in Fig. 19, p .  55, but was a simple type in which
in which the load was applied by means of a lever.
"Symmetrical four-point loading" was arranged for,
as shown in Fig. 58, p. 142, so that the centre part of
the beam carried uniform bending moment.* By applying
the loads in the manner shown, axial force on the specimen
was practically avoided, and zero longitudinal stress
occurred at the mid—depth of the beam. Owing to the
* Section 11, p. 140, Refs. 12d or 13d.
SECTION
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absence of shear force on the centre portion of the 
beam span, the longitudinal stress there was a principal 
stress, and at any distance y from the neutral axis, it 
was constant, at any particular load, along this centre 
portion of the span. The other principal stress there 
was zero.
)
With no load, the whole unstressed plate appeared 
black on the screen. As the loads were steadily increased 
a black line appeared at the neutral axis, that is, at the 
mid-depth of the beam, and a succession of horizontal 
black lines appeared in pairs, one at the upper edge, 
and one at the lower edge simultaneously; these lines 
travelled inwards towards the neutral axis, the background 
being bright green. Thus the fringe pattern in the 
centre portion of the span consisted of a number of 
horizontal lines, equally spaced, because the bending 
stress was proportional to the vertical distance y from 
the neutral axis. (Section 11, RCf. 13.a).
Parallel lines 0*530 in. apart, and equidistant from 
the top and bottom of the beam, had been lightly scribed 
on the surface of the specimen, as shown in Pig. 59, p. 142 
and during loading, as each pair of fringes coincided with 
these lines, the load was noted.
C N T  1N1J
3
Ml NAT ION
UEItNG
X
X
it s  m
I N G E O R D
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The following table shows the readings taken
LOAD, W Lb. FRINGE ORDER LOAD, W Lb. PRINCE ORDER
0*0 0 54*0 5
9*8 1 64*9 6
22-1 2 75*5 7
31*8 3 8 6 - 8  8
41 *6_____________4______ __________ _______________
Prom the graph of these results, Pig. 60, p. 144, it is
noted that the average load increment per fringe fas 10*81 lb.
Hence, where t is the thickness of the plate, -
M y 10-81 x 0-75 x x t
Fringe Value = --- x t = -=----------------------
I j!| x t x (0-625)°
2
= 106 lb/in stress difference per fringe
per inch thickness
Mercury Green Light, % 5461.
Approximate Rate of Loading: 3 minutes per fringe.
The following notes on this material are relevant:- 
D.J.-Coolidge (Section 11, Ref. 21) states that in a 
tension test in the polariscope a specimen of C.R. 39 of 
cross-section 0*500 in. wide * 0*215 in. thick showed 
linearality in the stress-fringe relationship up to about 
8  fringes, optical creep being particularly noticeable 
after the 7th fringe. The graph accompanying this showed
proportionality up to 2800 lb/in at 8 fringes, the fringe
o
value thus being 75*3 lb/in per fringe per inch thickness.
The loading rate was about 1*8 minutes per fringe.
D.J. Coolidge considers that the Fringe Value cannot be 
regarded as constant, owing to the relatively high optical 
creep, but he notes that, despite this, the stress- 
eoncentration factor remains fairly constant.
H.T. Jessop and P.O. Harris (Section 11, Ref. 11.b),6
give for C.R. 39 a Fringe Value of 100 lb/in per fringe 
per inch thickness. (Stress difference).
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DETERMINATION OP THE PROPERTIES OP 
COLUMBIA RESIN NO. 59
(2) Determination of the Direct Elastic Modulus (E) 
and Poissonfs Ratio ( jj. ) .
The method employed was that of Principal Curvatures, 
as described by H. Carrington (Section 11, p. 140, Ref. 20). 
Two flat beams were cut from the plate of material used in 
the preliminary gusset-plate tests described in Section 7 .3 .
A pair of pillars, with small mirrors m,m attached to their 
upper ends, were fixed to the beam under test, as shown in 
Pig. 62, p. 147. The base of each pillar was formed into a 
clamp, and clamping screws made point contact in the plane 
of the applied forces, on the upper and lower surfaces of 
the beam. The applied forces formed a four-point 
symmetrical load system, by which couples were applied to 
the ends of the beam, so that the centre portion of the 
latter carried a uniform bending moment. (Pig. 61, p. 147)
The mirrors were adjusted so that the scale was reflected 
by them along the telescope shown in the diagram, and the 
adjustment made so that the axis of the telescope, axes of 
the pillars, and the scale were all in the plane of the 
couples. In the figure, the full lines show diagrammatically 
the position of the lines of sight before the beam was bent. 
The broken lines show their position when the beam was bent 
concave upwards.
( 1 4 7 )
W W
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(143)
Section 12.1.1 (Continued)
A certain relationship between the dimensions a, b,
b f and 6 is shown to he necessary for stabilising the
position of zero on the deflection scale, namely 
4aSin 20 = 1 and by inspection of the results, it0 + D
will be seen that this was, in fact, arranged for.
The diagram shorn in Fig. 62, p. 147 will also apply 
to the lateral curvature; the axes of the pillars, axis of 
the telescope, and the scale then being in the plane of the 
central normal cross-section of the beam.
Method:- Each beam was supported in a horizontal 
position on knife-edges 1 1 inches apart, and symmetrical 
with respect to the pillars and the central normal cross- 
section. Two other knife-edges were placed on the beam 
at points 7 inches apart, which v/ere also symmetrical with 
respect to the central cross-section, and the couples were 
applied by weights suspended from the inner knife-edges, 
the mirrors, telescope and scale having been set up as 
previously described. The weights were increased by small 
amounts and after every increase the scale reading was taken 
through the telescope.
The beam was then unloaded, the mirrors, telescope and 
scale set up for measuring lateral curvature, and the test 
repeated. The scale readings were then plotted against 
values of the load W, and the slopes of the resulting 
straight lines were thus proportional to the principal 
curvatures.
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Let the load W, Pig. 61, p. 147, he measured in pounds,
then the constant bending moment on the centre portion
is equal to 2W lb-in.
Curvature per unit bending moment
1 x
2 W x Radius 2 W x 2a(l + ^ + g) 
where x is the scale reading.
. . . Eq. 50
The slopes of the lines plotted in Pigs. 63 and 64, 
on pages 151 and 153 respectively, give the values of ^ ,
and substituting these values into Eq. 50 (above), with the
appropriate values of a, c and 1 in each case, we have the 
curvature per unit bending moment.
Young1s Modulus (E)
12  1________
— g
B D Longitudinal Curvature per unit B.M.
where B = breadth, (in.) and D = depth, (in.) . . . Eq, 51
of the cross-section.
Poisson's Ratio (p)
Lateral Curvature - ,-p
- Longitudinal Curvature . . . *q.
Both curvatures, of course, being for the same value of B.M. - 
for convenience, the values at unit B.M. from Eq. 50 were used.
Continued.
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Section 12 ,1.1 (Continued.)
(2) (Continued) - Results
Specimen Beam (l)
Cross Sectional Dimensions: Breadth: 1,130 in.
Depth: 0*186 in.
Dimensions relating to Mirror supports, scale distance, etc.
Longitudinal:
a = 1 *Oil in.
h ’ = 2 *528 in.
h = 1 *517 in.
c = 1 *430 in.
1 = 37 •0 in.
e =
i
450
2 a(§■ + 1 + 1) = 77*3
Load W lh • Scale Reading, in
0 * 0 0 0 * 0 0
0*25 0 * 2 0
0*35 0*28
0*45 0*36
0*55 0*43
0*65 0*51
0*75 0*58
0*85 0 * 6 6
0*95 0*74
1*05 0*82
1-15 0*91
1*25 0*99
1*35 1*06
Transverse:
a = 0*980 in. 
~b'= 2*450 in. 
h = 1*470 in. 
c = 1*385 in. 
1 = 37*0 in. 
e = 45°
2a(§ + | + 1 ) = 74-9 
Load W lh. Scale Reading, in.
0 * 0 0 0 - 0 0
0*25 0-07
0*35 0 - 1 1
0*45 0-13
0*55 0-16
0*65 0-19
0-75 0 . 2 1
0-85 0-25
0-95 0.27
1.05 0-30
1-15 0.33
1-25 0-37
1-35 0.39
Prom the slope of the graph, Pig. 63, p. 151, using 
Eq.. 51, p. 149, Youngfs Modulus (E) = 325,000 lh/in^ 
and from Eq.. 52, p. 149, Poisson's Ratio (p) = 0*38
I N U E D
J-I-t
READ IN
f! O F  IDE R M I
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Section 12>1 . 1  (Continued)
(2) (Continued) - Results 
Specimen Beam (2)
Cross Sectional Dimensions: Breadth: 1*130 in.
Depth: 0*186 in.
Dimensions relating to Mirror supports, scale distance, etc.
Longitudinal: Transverse:
a = 0*962 in. a = 0*979 in.
b* = 2*405 in. b f= 2*448 in.
b =s 1*443 in. b = 1*469 in.
c = 1*360 in. c = 1*384 in.
1 = 50*75 in. 1 = 50*75 in.
e = 45° e = 45°
2 a(§ + a
2 + 1 ) = 99 *9 2 a(§ + | + 1) = 101*7
Load W lb. Scale Reading, in. Load W lb. Scale Reading, in
0 * 0 0 0 0 0 0 * 0 0 0 * 0 0
0*25 0 26 0*25 0*09
0*35 0 36 0*35 0*13
0*45 0 45 0*45 0*17
0*55 0 54 0 *55 0 * 2 1
0*65 ; 0 64 0*65 0*25
0*75 0 74 0*75 0*29
0*85 0 83 0*85 0*33
0*95 0 92 0*95 0*37
1*05 1 0 2 1*05 0*41
1*15 1 1 1 1*15 0 *45
1*25 1 2 1 1*25 0 *49
1*35 1 30 1*35 0*53
1*45 1 40 1 *45 0*57
1*55 1 50 1*55 0 *60
1*65 1 59 1*65 0*64
1*75 1 69 1*75 0 * 6 8
1*85 1 78 1 *85 0*72
1*95 1 8 8 1*95 0*76
2*05 1 97 2*05 0*79
T JNUC
T=
A D in
U AT K) N: OF; M O4 - r -^. - +- * f —I 4_ . 1
* s : r  a t iA N D !
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Section 12 .1.1 (Continued)
(2) (Continued)
Results. - Specimen Beam (2) (Continued)
Prom the slope of the graph, Pig. 64, p. 153, using 
Eq.. 51, p. 149, Young’s Modulus (E) = 342,000 lb/in2 
and from Eq. 52, p. 149, Poisson's Ratio (p) = 0*387
Average Results over the two tests:
Young’s Modulus = 333,500 lb/in2  
Poisson’s Ratio = 0*384
(155)
Section 12.1,2 DETERMINATION OP THE PROPERTIES OP
STEEL PQIL.
(1) Determination of the Plexural Rigidity (D)
An apparatus was constructed, as shown in Pig, 65, 
p. 157, by means of which strips of steel foil, nominally 
1 -g- in. wide, were subjected to pure bending, over their 
centre portions, by means of the symmetrical four-point 
loading system shown.
Deflections were measured by means of a micrometer-head, 
the spindle of which terminated in a point, which, upon 
contact with the plate closed an electrical circuit, causing
a small bulb to glow.
The loads were applied by means of straight knife edges, 
and, the width of the strips being great in relation to 
their thickness (a relationship corresponding very 
approximately to that in the preliminary gusset-plate 
experiments, Section 8.6.1, p. 102), anticlastic curvature 
was limited to a very small amount at the extreme edges of 
the plate. Neglecting this, then from the readings of load 
and central deflection of each strip, a value of the Plexural 
Rigidity (D) was obtained for use in the assessment of the 
results of the preliminary gusset-plate experiments, p. 104, 
and Pig. 43, p. 111.
The Plexural Rigidity or '’Plate Stiffness” D was 
obtained directly in this way, in order to avoid any 
inaccuracies which might occur, due to the difficulty of 
measuring the thickness of such thin sheets.
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Section 12>1.2 (Continued)
The centre portion, length 1, of the beam between the
two supports carries a constant bending moment W x a, and
bends to a circular arc. Then for small deflections,
2 1 8 yoy = 1 , and the curvature ^ = — 5—
0 8 R 1
d2 1Let the plate width = b. Then taking — J = 5- approximately,
dx K
M = W x a = ^ - I ■ • H  • - 4 s
1 2 (l-|j. ) dx 1 2 (l-nb 1
F t®Writing  = D, (Plexural Rigidity, or
12(l-|x ) Plate Stiffness)
> 2
We have D = ^ '  Eq.. 53
yo 8 b
Samples were taken from each of the sheets (two samples 
of each thickness) used for the preliminary gusset-plate 
experiments, Section 8.6.1, p. 95, and Section 8.6.2, p. 103.
Each deflection reading given in the following tables, 
p.p. 158, 159, is the average of eight readings, four as 
follows for each of the two samples.
First position on supports -
(1) Loading
(2) Unloading
Second position, strip placed reverse side up
on supports -
3} Loading
4) Unloading
(15 7)
SECTION 12.1.  2 (Continued)
FIG. 65
D IA G R A M  OF A P P A R A T U S  FOR M E A S U R I N G  
D E F L E C T I O N  O F  S T E E L  F O IL  B E A M .
(Fig .66  below shows a 
m o d i f ic a t io n  of  the  above  
used fo r  th ic k e r  p l a t e s .
FIG. 66
D IA G R A M  O F APPAR A TU S FOR M E A S U R I N G
D E F L E C T IO N  OF STEEL P L A T E  B E A M .
Section 12.1.2
(158)
(Continued)
TEST 1.
Load, Pounds
Average dimensions of strip: 
Thickness 0*0104 in., Width 1* 
Overhang each end 0*996 in.
Central Deflection, in.
0 * 0 0 0 0 0 * 0 0 0 0
0*0089 0 * 0 0 1 1
0*0310 0*0043
0*0532 0*0078
0*0754 0 * 0 1 1 0
0*0975 0*0140
0*1193 0*0170
0*1415 0*0198
0*1635 0*0227
0*1856 0*0255
0*2075 0*0385
0*2302 0*0315
0*2522 0*0344
TEST 2. Average dimensions of strip:
Thickness 0*0071 in., Width
Overhang each end 0*998 in.
Load, Pounds Central Deflection, in.
0  * 0 0 0 0 0  * 0 0 0 0
0*0089 0 *0041
0*0199 0*0095
0*0310 0 *0142
0*0420 0 *0187
0*0532 0*0236
0*0642 0 *0284
0*0754 0*0332
0*0363 0*0381
0*0975 0*0433
0*1081 0*0476
Loads were applied by means of Metric weights.
(159)
Section 12.1.2 (Continued)
TEST 5 . Average dimensions of strip:
Thickness 0*0043 in., Width 1*478 in 
Overhang each end 1*022 in.
Load, Pounds___________ Central Deflection, in.
0*0000 0*0000
0*0089 0*0185
0*0111 0*0232
0*0133 0*0277
0*0155 0*0321
0*0177 0*0370
0*0199 0*0415
0*0222 0 *0459
0*0244 0*0506
0 *0266 0*0543
0*0288 0*0593
0*0310 0*0638
0*0332 0 *0681
TEST 4 . Average dimensions of strip:
Thickness 0*0036 in., Width 1*476 in 
Overhang each end 0*986 in.
Load. Pounds___________ Central Deflection, in.
0 *0000 0 *0000
0 *0089 0 *0306
0 *0100 0 *0346
0*0111 0 *0386
0*0122 0 *0422
0*0133 0 *0461
Loads were applied "by means of Metric weights
CX IO N
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Section 12 .1.2 (Continued)
Results of Tests for the Determination of D.
(1 ) (2 ) (3) (4) (5) (6 ) (7) (8 )
Test t 1 a b Load per Plexural Constant
No. in • in. in. in. Unit 
Central 
Deflecn. 
lb/in.
Rigidity
D
lb-in.
E
(l-l*2) 
lb/ iiP
1 0*0104 2*234 0*996 1-479 7.190 3-020 32-2 x 1 0 6
2 0*0071 if 0*998 1-476 2*270 0*956 32 '1 x 106
3 0*0043 if 1 * 0 2 2 1-478 0 -485 0*209 31*6 x 106
4 0 *0036 it 0-986 1*476 0*293 0 - 1 2 2 31*4 x 105
Average Value of — ®-w*=31«8 x 10*
(l-M8) ___________
The values of Plexural Rigidity or Plate Stiffness, D, 
tabulated in Col,(7) above, are used directly in connection 
with the preliminary gusset-plate experiments with steel 
foil, p. 104,
(2) Determination of the Modulus of Direct Elasticity (E), 
and Stress-Strain Characteristics.
Test-Pieces of the dimensions shown on Pig. 6 8 , p. 163,
were cut from the thickest sheet used. They were placed
in a small hand-loaded testing machine, extensions being 
measured by a "Hounsfield" extensometer of 2 in. gauge-length•
The gripping heads of the machine were capable of angular 
movement, but not capable of giving complete self-alignment
to the test-piece. An average set of readings is given in
the following table, and characteristic curves in Pig. 6 8 , 
p. 163.
(162)
Section 12.1.2 (Continued)
Test-Piece Dimensions: Width 0*377 in., Thickness 0*0104 in.
Cross-Sectional Area 0*00392 in2 .
Gauge Length 2 in.
Tensile Test Readings:
Load, 
lb .
Nominal Stress, 
lb/in~
Extensometer 
Reading, in.
Strain
0 0 0 - 0 0 0 0 0 0 - 0 0 0 0 0
25 6,380 0*00043 0 * 0 0 0 2 2
50 12,760 0*00095 0*00048
75 19,150 0*00132 0 *00066
1 0 0 25,550 0*00176 0*00088
125 32,000 0-00219 0 * 0 0 1 1 0
150 38,400 0*00265 0*00133
175 44,700 0*00302 0*00151
2 0 0 51,100 0*00351 0*00176
225 57,400 0*00411 0*00206
250 , 63,900 0*00653 0*00327
256 65*400 0*01094 0 *00547
250 63*900 0 * 0 2 0 0 0 0 * 0 1 0 0 0
231 59*000 Break — —
Curves of these results are plotted, Pig. 6 8 , p. 163,
6 2from which the approximate value of E of 29*1 x 10 lb/in 
was calculated.
EOn p. 161 the average value of  o~ was found to be
6 ? )31*8 x 1 0 ° lb/in .
O O Q  • "1
Hence, 1 - p. = giving p = 0*29
Complete tests of this nature were not carried out on 
all the sheets, as the values of the Plexural Rigidity (D) 
were determined, as previously described, (p. 161), in each 
case.
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Section 12.1.5 DETERRINATION OP THE PROPERTIES OF THE
STEEL PLATE USED FOR'THif LARDER 
GUSoET-PLATES .
(1) Determination of the Flexural Rigidity (D ) .
The method adopted here was similar to that used 
in Section 13.1.2 for the steel foil.
Plates of nominal dimensions 14 in. long and 8 in. wide,
cut from the same plates as the gussets, were each supported
on two square section steel bars placed transversely on a 
flat lathe bed. One bar was supported on vee-blocks, the 
other rested on a flat steel strip, as shown in Fig. 6 6 , 
p. 157, so that it was free to rotate about its bottom edge, 
and thus relieve any thrust in the plate as loading proceeded.
These bars thus formed knife-edges, which were set as
accurately as possible to lines 7*625 in. apart scribed on 
the plate, and they were kept in position by an iron weight, 
temporarily placed on the plate, whilst the loading bars were 
placed in position.
Load was applied by square section bars placed 
symmetrically 13*625 in. apart, having weight carriers 
suspended from each end. The total load on each end of a 
plate, i.e. one loading bar, with its two loaded carriers, 
is denoted by W.
The deflection of the mid-point of the plate was 
measured, in this case, by a dial indicator reading to 
ten-thousandths of an inch, attached to a stiff horizontal 
bar clamped in the tool-post of the lathe.
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Section 12.1.5 (Continued)
The method of calculating the Flexural Rigidity (D) 
has been explained in the Section dealing with the steel 
foil characteristics. (Section 12.1.2, p. 156)
Readings of the steel plate tests are given in the 
following tables
TEST 1 . Average thickness of plate = 0*125 in.
Width of Plate = 8-031 in.
Load, Pounds Central Deflection, in.
0 0 *0000
5 0 *0025
10 0 *0053
15 0 *0081
20 0 *0104
25 0 *0132
30 0 *0155
35 0 *0182
40 0 *0209
TEST 2 . Average thickness of plate = 0*111 in.
Width of Plate = 8*031 in.
Load, Pounds Central Deflection, in.
0 0*0000
5 0-0041
10 0-0077
15 0-0115
20 0-0142
25 0-0186
30 0-0221
35 0-0262
40 0-0293
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Section 12.1.3 (Continued)
TEST 3 . Average thickness of plate = 0-080 in.
Width of Plate = 7-969 in.
TEST 4.
0
„  ±yjy __
0*0000
5 0*0098
10 0-0202
15 0-0301
20 0*0402
25 0-0497
30 0*0597
35 0*0698
40 0*0796
Average thickness of plate = 0-063 in.
Width of Plate = 8-031 in.
Load, Pounds Central Deflection, in
0 0* 0000
5 0*0201
10 i 0-0399
15 0-0614
20 0*0807
25 0-1023
30 0*1222
35 0-1411
40 0-1588
Results of Tests for the Determination of D.
(1 )
Test
No.
(2)
t
in.
(3)
1'
in.
(4 )
a
in.
(5)
b
in.
(6) 
Load per 
Unit 
Central 
Deflecn. 
lb/ in.
(?)
Plexural
Rigidity
D
lb-in •
(8)
Constant
E
(l-tt8)3
lb/in
1 0-125 7-625 3-000 8-031 1905 5170 31*8 x 106
2 0-111 tf it 8*031 1326 3600 31-6 x 106
3 0*080 it it 7-969 503 1377 32*3 x 106
4 0-063 tt it 8*031 245 665 32*0 x 106
Average Value of ----3— = 31 -9 x 1 0
(l-H2)
The average value of the constant of Col.(8) above, is 
used in connection with the steel plate gusset experiments, 
p . 135.
N'UED
- K>
n
©
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Section 12 ,1.3 (Continued)
(^ ) Determination of the Modulus of Direct Elasticity (E), 
and the Stress-Strain Characteristics.
Tensile Test-Pieces of nominal width 0*375 in. and 
Gauge Length 2 in., taken from the plates used in the 
gusset-plate experiments, were tested in the Avery Machine, 
using a Hounsfield extensometer. The following results 
were obtained: -
Specimen (l) Thickness = 0*125 in. ^ p
Young1s Modulus = 29*4 x 10 lb/in 
Lower Yield Point = 17*6 tons/in2
= 39,400 lb/in^
Specimen (2) Thickness = 0*111 in. «
Young’s Modulus = 29*4 x 10 lb/in 
Lower Yield Point = 15*3 tons/in2
= 34,300 lb/in2
Specimen (3) Thickness = 0*j080 in, . p
Young’s Modulus =29*6 x 10 lb/in 
Lower Yield Point = 15*6 tons/in2
= 34,900 lb/in2
Specimen (4) Thickness = 0*063 in. p
Young’s Modulus = 30°2 x 10 lb/in 
Lower Yield Point = 14*9 tons/in2
= 33,400 lb/in2
The average value of E from the above tests is 
29-7 x lo6 lb/in2 .
E
On p. 166 the average value of  g— was ^oun(i to be
(Z Q )
31*9 x 10° lb/in .
o o o * 7
Hence, 1 - \x = ^ T g  giving |i = 0*27
The average Lower Yield Point was 35,500 lb/in
(169)
Section 12.2 TABULATED RESULTS OF STEEL FOIL EXPERIMENTS. 
AS DESCRIBED IN SECTION 8.6.2.
TEST NO. 1 Plate Form Reference "A". Key Diagram on p . 102 
Thickness 0*0104 in. Width 4*000 in. to apex.
Proving Ring Torque Carried Vertical Decrease ^
Dial by each plate Displacement in Half
Divisions (Ref. p.99) at Micrometer Apex angle
_ Head (Ref. p.99)
10 in. lb-in. in. Radians
0 * 0 0 - 0 0 - 0 0 0 0 0 - 0 0 0 0 0
240-0 76-2 0*0134 0-00113
260*0 82-6 0*0189 0-00159
280-0 88-9 0*0259 0-00218
304-6 96-7 0*0420 0-00353
317-4 1 0 0 * 8 0*0640 0-00538
318-2 1 0 1 - 0 0*1077 0*00905
302-0 95-9 0*1597 0 *01342
274*2 87-1 0*2248 0*01889
251*3 79-8 0*3384 0*02844
226*8 72 *0 0 *4717 0*03964
2 0 2  *8 64*4 0*6195 0 *05206
TEST NO. 2 Plate Form Reference "A” . Key Diagram on p • 102 
Thickness 0*0071 in. Width 4*000 in. to apex.
Proving Ring Torque Carried Vertical Decrease ^
Dial by each plate Displacement in Half
Divisions (Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
10-4 m lb-in. in. Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 * 0 0 0 0 0
60*0 19*1 0*0025 0 * 0 0 0 2 1
80*0 25*4 0*0040 0*00034
90*0 28*6 0*0116 0*00097
95*0 30*2 0 * 0 2 1 2 0*00178
105*8 33*6 0*0730 0*00613
106*8 33*9 0*1039 0*00873
106*8 33*9 0*1820 0*01529
105*8 33*6 0 * 2 2 2 1 0*01866
97*3 30*9 0*3531 0*02967
87*6 27*8 0 *4705 0*03954
79*4 25*2 0*5973 0*05019
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Section 12.3 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS. 
CONTINUED 7 ~ '
TEST NO . 3 Plate Form Reference "A’1. Key Diagram on p. 102, 
Thickness 0*0043 in. Width 4*000 in. to apex.
Proving Ring 
Dial 
Divisions
1 0 ~ 4  in.
Torque Carried 
hy each plate 
(Ref. p.99)
lb-in.
Vertical 
Displacement 
at Micrometer 
Head 
in.
Decrease * 
in Half ^ 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
19-0 6*03 0*0019 0*00016
27-0 8*57 0 *0092 0*00077
29-0 9 *21 0*0364 0*00306
29*8 9*46 0*1354 0*01138
29*9 9*49 0*1742 0*01464
29*6 9*40 0*2174 0*01827
28*9 9*18 0 *3434 0*02886
27*6 8*76 0*4715 0*03962
26*5 8-41 0*6034 0*05071
TEST NO. 4
Proving Ring 
Dial 
Divisions
-4
1 0  in.
Plate Form Reference "A". Key 
Thickness 0*0036 in. Width 4*
Torque Carried Vertical 
"by each plate Displacement 
(Ref. p.99) at Micrometer
Head
lb-in• in.
Diagram on p. : 
0 0 0  in. to apex
Decrease * 
in Half 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 - 0 0 0 0 0
1 0 * 0 3*18 0*0019 0*00016
1 2 * 0 3*81 0*0032 0*00027
14*0 4*45 0*0146 0*00123
16*0 5*03 0*0262 0 * 0 0 2 2 0
17*7 5*62 0*0994 0*00835
18*0 5*72 0*1795 0*01508
17*7 5*62 0*2194 0*01844
16*8 5*33 0*3433 0*02885
15*7 4*98 0*4712 0*03960
15 *0 4*76 0*5867 0*04930
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Section 12.2 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS,
CONTINUED,
TEST NO, 5 Plate Form Reference f,BM . Key Diagram on p. 102, 
Thickness 0*0104 in. Width 3*720 in.
Proving Ring Torque Carried Vertical Decrease x
Dial by each plate Displacement in Half
Divisions (Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
10 in. ____ lb-in. __________ in. _____ Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 - 0 0 0 0 0
140*0 44*5 0 * 0 0 2 2 0*00018
160*0 50*8 0*0054 0*00045
180*0 57*2 0*0071 0*00060
2 0 0 * 0 63*5 0*0151 0*00127
2 2 0 * 0 69*9 0*0333 0*00280
230*6 73*2 0*0713 0*00599
242*8 77*1 0*1105 0*00929
241*3 76*6 0*1515 0*01273
226*5 71*9 0*2132 0*01792
205 *4 65 *2 0*3416 0*02871
189*6 60*2 0 *4686 0 *03938
175*5 55*7 0*5996 0 *05039
TEST NO. 6
Proving Ring 
Dial 
Divisions .
1 0 ~ 4  in.
Plate Form Reference UBH. Key 
Thickness 0*0071 in. Width 3
Torque Carried Vertical 
by each plate Displacement 
(Ref. p.99) at Micrometer
Head
lb-in, in.
Diagram on p. 
•720 in.
Decrease x 
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 * 0 0 0 0 0
60*0 19*1 0*0073 0*00061
70*0 2 2 * 2 0*0115 0*00097
75*0 23*8 0*0314 0*00264
80*0 25*4 0*0776 0*00652
83*0 26*4 0*1741 0*01463
81*6 25*9 0*2313 0*01944
77*5 24*6 0*3613 0*03036
73*7 23*4 0*4811 0*04043
69*3 2 2 * 0 0*6010 0*05050
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Section 12.2 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS.
CONTINUED"!
TEST NO. 7 Plate Form Reference nB" , Key Diagram on p. 102, 
Thickness 0*0043 in. Width 3*720 in.
Proving Ring 
Dial 
Divisions
1 0 ~ 4  in.
Torque Carried 
"by each plate 
(Ref. p.99)
lb-in.
Vertical 
Displacement 
at Micrometer 
Head 
in.
Decrease \ 
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
1 0 * 0 3*18 0*0026 0 * 0 0 0 2 2
14*0 4*45 0*0039 0*00033
18*0 5*72 0*0081 0*00068
19*4 6*16 0*0549 0*00461
2 0 * 0 6*35 0*1228 0*01032
20*3 6*45 0*2138 0*01797
20*3 6*45 0*3535 0*02971
20*3 6*45 0*4905 0*04122
20*3 6*45 0*6321 0*05312
TEST NO. 8 Plate Form Reference ,!B,f. Key Diagram on p 
Thickness 0*0036 in. Width 3*720 in.
X
102
Proving Ring Torque Carried Vertical 
Dial "by each plate Displacement
Divisions (Ref. p.99) at Micrometer
. Head
1 0  in. lh-in.___________in._____
Decrease 
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
8 * 0 2*54 0*0073 0*00061
1 0 * 0 3*18 0*0203 0*00171
1 2 * 0 3*81 0*1037 0*00871
12*4 3*94 0*1897 0*01594
12*5 3*97 0*2337 0*01964
12*5 3*97 0*3397 0*02855
12*5 3*97 0 *4797 0*04032
12*5 3*97 0*6356 0*05341
(173)
Section 12.2 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS.
CONTINUED.
TEST NO. 9 Plate Form Reference "C11. Key Diagram on p. 
Thickness 0*0104 in. Width 3*479 in.
Proving Ring Torque Carried Vertical Decrease g
Dial by each plate Displacement in Half
Divisions (Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
10 in. lb-in. in. Radians
0*0 0*0 0*0000 0*00000
140*0 44*5 0*0093 0*00078
160*0 50*8 0*0168 0*00141
180*0 57*2 0*0350 0*00294
198*0 62*9 0*0883 0*00742
198*5 63*0 0*1060 0*00891
198*5 63*0 0 *1366 0*01148
192*0 61*0 0*2233 0*01876
177*0 56*2 0*3497 0*02939
164*1 52*1 0*4804 0*04037
151*8 CO CO 0*6137 0*05157
TEST NO. 10
Proving Ring 
Dial 
Divisions
1 0 “ 4  in.
Plate Form Reference ,fCH . Key Diagram on p 
Thickness 0*0071 in. Width 3*479 in.
Torque Carried Vertical Decrease ^  
by each plate Displacement in Half 
(Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99) 
lb-in. in. Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 * 0 0 0 0 0
40*0 12*7 0 * 0 0 1 1 0 *00009
60*0 19*1 0*0018 0*00015
67*5 21*4 0*0362 0*00304
68*5 21*7 0*1243 0*01045
67*4 21*4 0*2275 0*01912
65*2 20*7 0*3527 0*02964
63*6 2 0 * 2 0*4674 0*03928
61*0 19*4 0*5996 0*05039
102.
102.
(174)
Section 12.2 (Continued)
TABULATED RESULTS Off STEEL FOIL EXPERIMENTS,
CONTINUED.
TEST NO. 11 Plate Form Reference "C" .
Proving Ring 
Dial 
Divisions
-4
1 0  * in.
Thickness 0*0043
Torque Carried 
by each plate 
(Ref. p.99)
lb-in.
. in. Width 3-
Vertical 
Displacement 
at Micrometer 
Head 
in.
479 in.
Decrease ^  
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 - 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
1 0 * 0 3*18 0*0027 0*00023
14*5 4*60 0*0225 0*00189
15-0 4*76 0 *0470 0 *00395
15*4 4*39 0 *1126 0 *00946
15-5 4*92 0 *2330 0*01958
15*5 4*92 0*3420 0*02874
15*5 4*92 0 *4793 0 *04028
15 -5 4 *92 0*6080 0*05109
TEST NO. 12 Plate Form Reference "C". Key 
Thickness 0»Q036 in. Width 3*
Diagram on p. 
479 in.
Proving Ring Torque Carried Vertical Decrease ^
Dial by each plate Displacement in Half ^
Divisions
-4
1 0  m .
(Ref. p.99) at Micrometer
Head
Apex angle 
(Ref. p.99)
lb-in. in. Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
5 *4 1*71 0 *0078 0 *00066
8 *0 2 *54 0 *0236 0 *00193
9 *0 2 *86 0 *0685 0 *00576
9 *2 2 *92 0*1175 0 *00987
9-2 2 *92 0 *2180 0 *01832
9 *2 2 *92 0 *3434 0 *02836
9 *2 2 *92 0 *4730 0*03975
9 *2 2 *92 0 *5392 0 *04951
102
102
(175)
Section 12 .2 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS.
CONTINUED.
TEST NO. 15. Plate Form Reference "D".
Thickness 0*0104 in.
Proving Ring 
Dial 
Divisions
-4
1 0  in.
Torque Carried Vertical 
hy each plate Displacement 
(Ref. p.99) at Micrometer
Head
lb-in. in.
Key Diagram on p 
Width 2*986 in.
XDecrease 
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
70*0 2 2 2 0 0015 0 00013
1 0 0 * 0 31 8 0 0 0 2 1 0 00018
130*0 41 3 0 0069 0 00058
140*0 44 5 0 0258 0 00217
147-5 46 8 0 0633 0 00532
147 -5 46 8 0 0956 0 00803
146*8 46 6 0 1352 0 01136
142 *0 45 1 0 2172 0 01825
133 *5 42 4 0 3428 0 02881
125 *7 39 9 0 4678 0 03931
118*4 37 6 0 5953 0 05002
TEST NO. 14
Proving Ring 
Dial 
Divisions
-4
1 0  in.
Plate Form Reference 
Thickness 0*0071 in.
"D” . Key Diagram on p . 
Width 2*986 in.
Torque Carried Vertical 
"by each plate Displacement 
(Ref. p.99) at Micrometer
Head
lb-in. in•
Decrease * 
in Half ^ 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 - 0 0 0 0 0
2 0 * 0 6*4 0*0045 0*00038
30*0 9*5 0*0063 0*00053
40*0 12*7 0*0115 0*00097
45*0 14*5 0*0508 0*00427
46*0 14*6 0*0975 0*00819
46*0 14*6 0*1689 0*01419
46*0 14*6 0*2354 0*01978
45*7 14*5 0*3608 0*03032
45*0 14*3 0*4844 0*04071
102.
102.
44*1 14*0 0*6052 0 *05086
(176)
Section 12.2 (Continued)
TABULATED RESULTS OP STEEL FOIL EXPERIMENTS.
CONTINUED .
TEST NO. 15 Plate Form Reference "D,f. Key Diagram on p 
Thickness 0*0043 in. Width 2*986 in.
102
Proving Ring Torque Carried Vertical 
Dial by each plate Displacement
Divisions (Ref. p.99) at Micrometer
_4. Head
1 0 “ in. lb-in. in.
Decrease
in Half 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
4*0 1*27 0*0034 0*00029
6 * 0 1*91 0*0053 0*00045
8 * 0 2*54 0 * 0 1 1 2 0*00094
9*7 3*08 0*0615 0*00517
1 0 * 0 3*18 0*1475 0*01239
9*8 3*11 0*2169 0 * 0 1 8 2 3
9*7 3*08 0*3432 0*02926
9*7 3*08 0*4722 0*03968
9*8 3*11 0*5810 0*04882
TEST NO. 16 Plate Form Reference f,D” . Key Diagram on p . 102 
Thickness 0*0036 in. Width 2*986 in.
Proving Ring 
Dial 
Divisions
1 0 “ 4  in.
Torque Carried 
by each plate 
(Ref. p.99)
lb-in.
Vertical 
Displacement 
at Micrometer 
Head 
in.
Decrease ^  
in Half 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 - 0 0 0 0 0
3*3 1-05 0*0077 0*00065
4*4 1*40 0*0136 0*00114
5 *4 1*71 0*0164 0-00138
6 * 0 1*91 0*0537 0-00451
6 * 0 1*91 0-1217 0-01023
6 * 1 1*94 0-2168 0*01822
6 * 0 1*91 0-3501 0-02942
6 *0 1*91 0-4684 0-03936
6 * 0 1 *91 0-5888 0-04948
(177)
Section 12.2 (Continued)
TABULATED RESULTS OF STEEL FOIL EXPERIMENTS.
CONTINUED.
TEST NO. 17
Proving Ring 
Dial 
Divisions
1 0 ~ 4  in.
Plate Form Reference 
Thickness 0*0104 in.
E” . Key Diagram on p . 
Width 2*453 in.
XTorque Carried Vertical Decrease
"by each plate Displacement in Half 16 
(Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
lb-in. in. Radians
0 - 0 0 - 0 0 * 0 0 0 0 0 * 0 0 0 0 0
60*0 19*1 0*0053 0*00045
70*0 2 2 * 2 0*0080 0*00067
80*0 25*4 0*0138 0*00116
86*4 27*4 0*0424 0*00356
8 8 * 8 28*2 0 * 1 2 2 2 0*01027
8 8 * 8 28*2 0*1868 0*01570
85*8 27*2 0 *5355 0*02819
82*2 26*1 0*4612 0*03876
80*9 25*7 0*5886 0*04946
TEST NO. 18 Plate Form Reference "E". Key Diagram on p
Thickness 0*0071 in. Width 2*453 in. \
Proving Ring Torque Carried Vertical Decrease ^
Dial by each plate Displacement in Half *
Divisions (Ref. p #99) at Micrometer Apex angle
A Head (Ref. p.99)
1 0  * in. lb-in. in. Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
2 0 * 0 6*35 0*0046 0*00039
24*0 7*62 0 *0070 0*00059
28*0 8'89 0 *0567 0 *00476
28*8 9*14 0*1926 0*01618
28*8 9*14 0*2317 0 *01947
28*8 9*14 0 *3602 0 *03027
28*8 9*14 0 *4728 0*03973
28*8 9*14 0 *6063 0*05095
102.
102.
(178)
Section 12,3 (Continued)
TABULATED RESULTS OF STEEL FOIL EXPERIMENTS
C ONTINUED.
TEST NO. 19 Plate Form Reference 
Thickness 0*0043 in.
WEW • Key Diagram on p. 
Width 2*453 in.
Proving Ring 
Dial 
Divisions
10"*4  in.
Torque Carried 
by each plate 
(Ref. p.99)
lb-in.
Vertical 
Displacement 
at Micrometer 
Head 
in.
Decrease $ 
in Half ** 
Apex angle 
(Ref. p.99) 
Radians
0 - 0 0 - 0 0 0 - 0 0 0 0 0 * 0 0 0 0 0
2 - 0 0-64 0 * 0 1 1 0 0*00092
4-0 1-27 0*0231 0*00194
5*0 1-59 0*0526 0 *00442
6 * 0 1*91 0*1770 0*01487
6 - 1 1*94 0*2424 0 *02037
6 - 1 1-94 0*3766 0*03165
6 * 1 1*94 0*5004 0 *04205
6 * 1 1*94 0*6334 0*05323
TEST NO. 20 Plate Form Reference "E". Key 
Thickness 0*0036 in. Width 2*
Diagram on p 
453 in.
Proving Ring Torque Carried Vertical Decrease *
Dial by each plate Displacement in Half
Divisions
A
(Ref. p.99) at Micrometer 
Head
Apex angle 
(Ref. p.99)
1 0 ~* in. lb-in. in. Radians
0 - 0 0 - 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
1 -0 0*32 0 *0033 0 *00028
2 -0 0 -64 0  *0081 0 *00068
3 .0 0 *95 0 *0480 •0 *00403
3 *4 1 -03 0*1389 0*01167
3*6 1 *14 0 *2400 0 *02017
3 .6 1 *14 0 *3800 0 *03193
3 *6 1 *14 0*5200 0 *04370
3 .6 1 *14 0  *6600 0 *05546
102
102
(179)
Section 12.2 (Continued)
TABULATED RESULTS OF STEEL FOIL EXPERIMENTS.
CONTINUED.
TEST__N0^_81.
Proving Ring 
Dial 
Divisions
1 0 “ 4  in.
Plate Form Reference "F11 . Key Diagram on 
Thickness 0-0104 in. Width 1*990 in.
Torque Carried Vertical 
"by each plate Displacement 
(Ref. p.99) at Micrometer
Head
lh-in. in.
Decrease ^
in Half ^ 
Apex angle 
(Ref. p.99) 
Radians
0 * 0 0 * 0 0 * 0 0 0 0 0 * 0 0 0 0 0
40*0 12*7 0*0029 0*00024
50*0 15-9 0*0049 0*00041
59*0 18-7 0*0450 0*00378
59-5 18-9 0-0764 0*00642
59-5 18*9 0*2205 0*01853
58-5 18*6 0*3420 0*02874
55-1 17-5 0 *4642 0*03901
54-2 17 *2 0*5996 0*05039
TEST NO. 22. Plate Form Reference "F" . Key Diagram on
Thickness 0*0071 in. Width 1*990 in. \
Proving Ring Torque Carried Vertical Decrease §
Dial hy each plate Displacement in Half 6
Divisions (Ref. p.99) at Micrometer Apex angle
A Head (Ref. p.99)
1 0 ~* in. lh-in. in. Radians
0 * 0 0 * 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0
1 0 * 0 3*18 0*0039 0*00033
15-0 4*76 0*0082 0*00069
19*0 6*03 0*0718 0*00603
19*9 6*32 0*1465 0*01231
19*9 6*32 0*2288 0*01923
19-9 6*32 0*3508 0*02948
19*9 6*32 0*4821 0*04051
19-9 6*32 0*6119 0*05142
. 102.
. 102.
(180)
Section 12 .2 (Continued)
TABULATED RESULTS OF STEEL FOIL EXPERIMENTS
CONTINUED.
TEST NO. 23
Proving Ring 
Dial 
Divisions
1 0 “ 4  in.
Plate Form Reference "F" . Key Diagram on p . 
Thickness 0*0043 in. Width 1*990 in.
Torque Carried Vertical
by each plate 
(Ref. p.99)
lh-in.
Displacement 
at Micrometer 
Head 
in.
Decrease 
in Half * 
Apex angle 
(Ref. p.99) 
Radians
0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0
1 * 0 0 32 0*0079 0*00066
2 * 0 0 64 0*0165 0*00139
3*0 0 95 0*0660 0*00555
3*5 1 1 1 0*1361 0*01144
4*0 1 27 0*2541 0*02135
4-2 1 33 0*3669 0 *03083
4*2 1 33 0-4956 0-04165
4*2 1 33 0-6133 0-05154
TEST NO. 24 Plate Form Reference UF". Key Diagram on p . 
Thickness 0*0036 in. Width 1*990 in.
Torque Carried "by each plate at collapse 
= 0*83 lh-in. See note on p. 98.
TEST NO. 25
Proving Ring 
Dial 
Divisions
Plate Form Reference 
Thickness 0*0104 in.
10-4 m
"G" . Key Diagram on p . 
Width 0*956 in.
Torque Carried Vertical Decrease ^
hy each plate Displacement in Half 
(Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
lh-in. in. _______ Radians
0
10
15
18
19
19
19
19
18
-0
►0
‘0
-0
■o_
~8
*8
*0
.o
0
3
4
5
6
■00
■18
■76
■72
>03
6 -29 
6 *29 
6 *03 
5 -73
0 *0000 
0 *0031 
0 *0071 
0 *0633 
0 *1069
0 *2261 
0 *3437 
0 *4672 
0 *5915
0 *00000 
0 *00026 
0 -00060 
0 -00532 
0 *00898
0 *01900 
0 *02888 
0 *03926 
0 -04971
102.
102.
102.
(181)
Section 12.2 (Continued)
tabulated results op steel fo i l experiments
CONTINUED.
TEST NO. 26
TEST NO. 27
TEST NO. 28
TEST NO. 29
Proving Ring 
Dial 
Divisions
1 0 - 4  in.
Plate Form Reference "G" . Key Diagram on p . 
Thickness 0*0071 in. Width 0-956 in.
Torque carried by each plate at collapse 
= 2-43 lb-in. See note on p. 98.
Plate Form Reference ,fG" . Key Diagram on p . 
Thickness 0*0043 in. Width 0*956 in.
Torque carried by each plate at collapse 
= 0*52 lb-in. ' See note on p. 98.
Plate Form Reference "G". Key Diagram on p . 
Thickness 0-0036 in. Width 0-956 in.
Torque carried by each plate at collapse 
= 0-30 lb-in. See note on p. 98.
Plate Form Reference "Hu • Key Diagram on p. 
Thickness 0-0104 in. Width 0-632 in.
Torque Carried Vertical Decrease ^
by each plate Displacement in Half
(Ref. p.99) at Micrometer Apex angle
Head (Ref. p.99)
lb-in. in. Radians
0 * 0 0 * 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0
2 - 0 0*64 0*0028 0*00024
4-0 1*27 0*0063 0*00053
6 - 0 1*91 0*0168 0*00141
8 - 0 2*54 0-0619 0 *00520
9*0 2 * 8 6 0*1623 0*01364
9*8 3*11 0*2238 0*0188.1
9*8 3*11 0*3502 0*02943
9*8 3*11 0 *4806 0 *04039
9*8 3*11 0*6274 0 *05272
102
102
102
102
(182)
Section 12.3 TABULATED RESULTS OP EXPERIMENTS WITH LARDER 
STEEL PLATES, AS DESCRIBED IN SECTION 9.2 
(A Diagram of Strain Gauge positions is 
given on p . 119 ).
TEST READINGS - APEX ANGLE INCREASING
("Tension” Condition, Pig. 2a, p. 10)
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Plate No , 1. Thickness 0*125 in.
Strain Gauge Position No. 4.
0 - 0 0  * 0 0 0 0 0 * 0 0 0 0 0  * 0 0 0 0 0  * 0 0 0 0 0  * 0 0 0 0 0 *0 0 0 0 --0 *0 0 0 2 - 0  * 0 0 0 1
1 * 0 0*0016 0 *0018 0 *0017 0 *0090 0 *0082 0 *0092 0 *0085 0 *0087
2 * 0 0 *0031 0 *0033 0 *0032 0  *0180 0 *0175 0  *0180 0 *0172 0 *0177
3 *0 0 *0046 0 *0050 0*0048 0*0268 0 -0255 0 *0267 0 *0265 0 *0264
4*0 0*0061 0 *0065 0*0063 0 *0352 0 *0330 0 *0352 0 *0330 0 *0341
5*0 0-0077 0*0081 0 *0079 0*0437 0 *0400 0 *0433 0 -042810 *0425
6 * 0 0 *0093 0 *0096 0 *0095 0*0516 0 *0484 0 *0514 0 *0506 0 *0505
7 *0 0  *0108 0 * 0 1 1 1 0 * 0 1 1 0 0  *0600 0 *0593 0 *0597 0 *0590 0 *0595
8 * 0 0*0123 0*0127 0*0125 0 *0685 0 *0665 0  *0680 0 *0672 0 *0676
9-0 0*0141 0 *0141 0 *0141 0 *0768 0 *0750 0 *0764 0 *0772 0 *0764
1 0 * 0 0 *0156 0 *0156 10*0156 0 *6855 [0 *083510 *0855 10 *0835 10 *0845
Plate No. 2. Thickness 0*111 in •
Strain Gauge Position No. 4.
0 * 0 0 * 0 0 0 0 0 * 0 0 0 1 0 * 0 0 0 1 0 * 0 0 0 0 0 * 0 0 0 0 0 *0005 0  * 0 0 0 0 0  * 0 0 0 1
1 * 0 0-0017 0 *0018 0 *0018 0  * 0 1 0 0 0 *0106 0 *0091 0 * 0 1 0 0 0 *0099
2 * 0 0*0034 0*0035 0*0035 0*0198 0 *0208 0 *0189 0 *0188 0 *0196
3*0 0*0049 0 *0052 0*0051 0 *0292 0*0308 0*0285 0*0278 0*0291
4*0 0*0066 0*0069 0*0068 0*0386 0 *0408 0 *0380 0 *0410 0 *0396
5*0 0*0084 0*0086 0*0085 0 *0492 0*0487 0*0472 0 *0462 0*0478
6 * 0 0 * 0 1 0 2 0 -Q103 0*0103 0*0588 0*0585 0*0570 0 *0560 0 *0576
7*0 0*0118 0 * 0 1 2 0 0*0119 0*0689 0*0683 0 *0667 0 *0680 0 *0679
8 * 0 0*0136 0*0137 0*0137 0*0773 0-0799 0*0759 0*0783 0*0780
9*0 0*0155 0*0153 0 *0154 0*0875 0*0913 0*0875 0*0910 0 *0893
10*61 0*01701 0 '01701to *01701 0*09661 0 * 1 0 2 0 1 0*0966 0 * 1 0 2 0  ]0*0993
(133)
Section 12.3 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES, CONTINUED.
TEST READINGS - APEX ANGLE INCREASING
(•'Tension” Condition, Pig. 2a, p. 10, 
Continued).
, 
Lo
ad
 
on 
Te
st
in
g 
Ma
ch
in
e 
- 
To
ns
Readings of 
Deflection Dial 
Gauge - Inches
Readings of Strain Meter. 
Strain - Percent
Loading Unloading
Av
er
ag
e
Lo
ad
in
g
Un
lo
ad
in
g
Av
er
ag
e
Ga
ug
e 
A
r 
--
-
--
-
-
Ga
ug
e 
B
Ga
ug
e 
A
Ga
ug
e 
3
Plate No. 3. Thickness 0-080 in.
Strain Gauge Position No. 4.
0 - 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 * 0 0 0 0 0 - 0 0 0 0
0-5 0  * 0 0 1 2 0 - 0 0 1 2 0  * 0 0 1 2 0 -0070 0-0070 0 -0071 0-0072 0 -0071
1 - 0 0 -0025 0  -0026 0-0026 0 -0141 0-0135 0-0142 0 -0130 0 -0137
1-5 0-0037 0-0038 0 -0038 0  -0208 0 - 0 2 0 1 0  - 0 2 1 2 0 - 0 2 0 0 0 -0205
2 * 0 0*0048 0 *0050 0-0049 0 -0272 0  -0266 0-0279 0-0269 0 -0272
2-5 0-0065 0-0065 0-0065 0-0341 0*0333 0-0346 0*0333 0*0338
3*0 0-0075 0-0074 0-0075 0-0404 0-0397 0-0407 0 -0394 0-0401
3-5 0-0086 0-0085 0-0086 0-0472 0*0469 0-0478 0-0468 0-0472
4-0 0-0098 0-0097 0-0098 0-0533 0*0528 0-0541 0-0529 0 -0533
4*5 0-0109 0-0109 0-0109 0-0602 0*0598 0-0608 0  -0601 0  *0602
5*0 0 - 0 1 2 0 0 - 0 1 2 2 0 -012a 0-0663 0-0664 0 *0666 0*0669 0 *0666
5-5 0-0135 0-0136 0*0136 0-0738 0-0733 0*0740 0-0735 0-0737
6 - 0 0-0145 0-0145 0-0145 0-0801 0-0797 0-0302 0*0795 0*0799
6-5 0-0157 0-0157 0-0157 0-0875 0-0861 0 -0875 0-0861 0 *0868
Plate No. 4. Thickness 0*0625 in.
Strain Gauge Position No. 4.
0 - 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 o-oooo 0 - 0 0 0 0 0 - 0 0 0 2 0 -oooi
0-5 0-0016 0-0017 0*0017 0-0083 0-0091 0*0080 0 *0085 0*0085
1 * 0 0-0032 0-0033 0*0033 0-0174 0-0177 0 -0168 0-0179 0*0175
1-5 0-0046 0-0048 0-0047 0*0258 0*0258 0*0246 0-0249 0*0253
2 * 0 0-0060 0-0063 0*0062 0-0340 0-0339 0-0335 0*0344 0*0340
2*5 0-0075 0-0079 0 -0077 0-0428 0*0419 0 *0414 0*0410 0 -0418
3*0 0*0090 0-0095 0*0093 0-0498 0-0491 0-0501 0*0506 0*0499
3*5 0-0107 0-0109 0-0108 0-0590 0-0575 0-0580 0-0571 0*0579
4*0 0-0124 0-0124 0-0124 0-0672 0-0661 0-0668 0*0672 0*0668
4-5 0-0142 0-0138 0-0140 0-0753 0-0741 0-0746 0*0745 0*0746
5*0 0-015& 0-0155 0-01531 0-08371 0-0824 0-0837 0*0824 0*0831
(184)
Section 12.3 TABULATED RESULTS OF EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED,
CALCULATED RESULTS: APEX ANGLE INCREASING
("Tension” Condition),
STRAIN GAUGE POSITION No.4.
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Plate No, 1 Thickness 0*125 in.
0 * 0 0 * 0 0 0 * 0 0 0 0 0 0 - 0 0 0 0 0 0 * 0 0 0 0 * 0 0 0 1
1 * 0 5*15 0*00008 0*00007 0*009 0*0087
2 - 0 10*30 0*00014 0*00014 0*017 0*0177
3-0 15*45 0 * 0 0 0 2 1 0 * 0 0 0 2 0 0*026 0*0264
4-0 20*61 0*00028 0*00027 0*034 0*0341
5*0 25*75 0*00035 0*00034 0*043 0*0425
6 * 0 30*91 0*00042 0*00041 0*051 0*0505
7-0 36*06 0*00049 0*00048 0*059 0*0595
8 - 0 41*21 0*00056 0*00054 0*068 0*0676
9 *0 46 *36 0*00063 0*00061 0*076 0*0764
1 0 * 0 51*52 0*00069 0*00068 0*085 0*0845
Plate No. 2 Thickness 0 * 1 1 .1 in.
0 * 0 0 * 0 0 0 - 0 0 0 0 0 0 * 0 0 0 0 0 0 * 0 0 0 0 * 0 0 0 1
1 * 0 5*14 0*00008 0*00008 0 * 0 1 0 0*0099
2 * 0 10*29 0*00016 0*00015 0*019 0*0196
3*0 15*44 0*00023 0*00023 0*029 0*0291
4*0 20*59 0 *00030 0*00030 0*033 0*0396
5*0 25*73 0*00033 0*00038 0*048 0*0478
6 * 0 30*87 0*00046 0*00046 0*058 0*0576
7*0 36*02 0*00053 0*00054 0*068 0*0679
8 * 0 41*16 0*00061 0*00061 0*076 0 *0780
9*0 46*31 0*00069 0*00069 0*086 0 *0893
1 0 * 0 51*46 0*00076 0*00077 0*096 0 *0993
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Section 12.3 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED. ~
CALCULATED RESULTS: APEX ANGLE INCREASING
("Tension” Condition).
STRAIN GAUGE POSITION No. 4.
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Plate No. 3. Thickness 0*080 in.
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Plate No» 4. Thickness 0*0625 in
0 * 0 0 * 0 0 0 * 0 0 0 0 0
0*5 2*54 0*00008
1 * 0 5*09 0-00015
1*5 7*64 0 - 0 0 0 2 1
2 * 0 10*19 0*00028
2*5* 12-74 0-00034
3 -0 15-28 0-00041
3*5 17 -83 0-00048
4*0 20*38 0 *00055
4 *5 22-92 0-00062
5*0 25-47 0*00069
■ 0 0 0 0 0
•00007
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Section 12.3 TABULATED RESULTS OF EXPERIMENTS WITH LARGER
STEEL PLATES, CONTINUED.
TEST READINGS - APEX ANGLE INCREASING
("Tension” Condition, Pig. 2a, p. 10, 
Readings Continued from p. 183).
Lo
ad
 
on 
Te
st
in
g 
Ma
ch
in
e 
- 
To
ns
Readings of 
Deflection Dial 
Gauge - Inches
r . .... . " --- " ' - 1
Readings of Strain Meter. 
Strain - Percent
Loading Unloading
Av
er
ag
ebO£
•H
cdo
H-1 Un
lo
ad
in
g
r
Av
er
ag
e <*
0
cde? Ga
ug
e 
B
Ga
ug
e 
A PQ
0bO
2
cd
Plate No. 5i. Thickness 0
•Ho00o« i
Strain Gauge Position No . 1 . Nature of Strain: Tensile.
o•o
0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
1 - 0 0-0025 0-0026 0-0026 0-0085 0-0079 0-0086 0-0087 0-0084
CO • o 0-0048 0-0050 0-0049 0-0165 0-0157 0-0170 0-0169 0-0165
o•to 0-0075 0-0074 0-0075 0-0246 0-0239 0-0255 0-0254 0-0249
4*0 0-0098 0-0097 0-0098 0-0326 0-0318 0-0333 0-0333 0-0328
5-0 0 - 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0-0408 0-0400 0-0413 0*0412 0-0408
6 - 0 0-0145 0-0145 0-0145 0-0487 0-0496 0-0487 0-0496 0-0492
Plate No. Z>. Thickness 0 £
o00o
Strain Gauge Position No . 2 . Nature of Strain: Tensile.
0 * 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
1 * 0 0-0025 0-0026 0-0026 0-0127 0 - 0 1 2 2 0-0127 0-0116 0 -0123
2 * 0 0-0048 0-0050 0-0049 0-0242 0-0237 0-0240 0*0237 0-0239
3-0 0-0075 0*0074 0-0075 0-0354 0-0350 0-0353 0-0352 0-0352
4*0 0-0098 0-0097 0-0098 0-0464 0-0462 0•0464 0-0463 0-0463
5 *0 0 - 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0*0578 0-0576 0-0576 0-0581 0-0578
6 * 0 0-0145 0-0145 0-0145 0-0690 0-0689 0 -0690 0-0689 0-0690
(137)
Section 13.5 TABULATED RKSULTS J)F_EXPERIMENTS WITH LARGER
STEEL PLATES, CONTINUED .
- ^  '< '• « id^ -i ju i j. i-i vj
("Tension” Condition, Fig. 2a, p. 10, 
Continued).
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Plate No. 3 . Thickness 0*030 in.
Sjgra in Gauge Posi t i on N o . 3. Nature of Strain- Tensile.
o•o
0 * 0 0 0 0 0*0000 0 * 0 0 0 0 0  * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0
1 * 0 0*0025 0*0026 0*0026 0 *0136 0 *0139 0*0128 0 *0145 0*0137
CO • o 0 *0048 0*0050 0 *0049 0 *0275 0*0267 0*0251 0*0281 0 *0269
3*0 0*0075 0 *0074 0 *0075 0*0398 0 *0394 0 *0385 0 *0398 0 *0394
4*0 0  *0098 0 *0097 0 *0098 0 *0542 o • o CD (D 0 *0516 0*0536 0*0531
5*0 0 * 0 1 2 0 0 * 0 1 2 2 0 * 0 1 2 1 0*0657 0*0650 0*0655 0*0665 0 *0657
6 * 0 0*0145 0*0145 0*0145 0*0787 0*0735 0*0737 0*0785 0*0736
Plate No. 3 . Thickness 0*080 in.
Strain Gauge Position No. 4. Nature of Strain: Tensile.
(Readings entered on p. 183).
Plate No. 3 Thickness 0*080 in.
Strain Gauge Position No. 5. Nature of Strain: Compressive.
0 * 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0*0003 0 * 0 0 0 0 0 - 0 0 0 1
1 * 0 0*0025 0*0026 0*0026 0*0049 0*0045 0*0050 0*0045 0*0047
2 * 0 0*0048 0*0050 0*0049 0*0084 0*0089 0*0094 0*0090 0*0089
3*0 0*0075 0*0074 0*0075 0*0130 0*0130 0*0141 0*0133 0*0134
4*0 0*0098 0*0097 0*0098 0*0176 0*0176 0*0182 0*0179 0*0178
5*0 0 * 0 1 2 0 0 * 0 1 2 2 0 * 0 1 2 1 0*0218 0*0218 0*0227 0*0219 0 * 0 2 2 1
6 * 0 0*0145 0*0145 0*0145 0*0268 0*0263 0*0268 0*0263 0*0266
(183)
Section 12.3 TABULATED RESULTS OF EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED.
TEST READINGS - APEX ANGLE INCREASING
("Tension1' Condition, Pig. 2a, p. 10, 
Continued).
Lo
ad
 
on 
Te
st
in
g 
Ma
ch
in
e 
- 
To
ns
Readings of 
Deflection Dial 
Gauge - Inches
Readings of Strain Meter. 
Strain - Percent
Loading Unloading
Av
er
ag
e
Lo
ad
in
g
Un
lo
ad
in
g
Av
er
ag
e <;
o
hO
0
0
Ga
ug
e 
3
Ga
ug
e 
A
Ga
ug
e 
3
Plate No* 3. Thickness 0*080 in.
Strain Gauge Position No. 6 . Nature of Strains: Tensile.
0 * 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
1 - 0 0-0025 0-0026 0-0026 0 - 0 1 1 0 0-0115 0 - 0 1 1 0 0 - 0 1 0 0 0-0109
CO • o 0-0048 0-0050 0-0049 0-0213 0 - 0 2 2 2 0 - 0 2 1 0 0 - 0 2 0 2 0 - 0 2 1 2
3 *0 0-0075 0-0074 0-0075 0*0313 0-0325 0-0310 0-0308 0-0314
4*0 0-0098 0*0097 0-0098 0-0418 0-0429 0-0412 0-0411 0-0418
5*0 0 - 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0-0519 0-0526 0-0520 0-0518 0-0521
6 - 0 0-0145 0-0145 0-0145 0*0618 0*0624 0*0618 0-0624 0-0621
Plate No. 3. Thickness 0-080 in.
Strain Gauge Position No. 7. Nature of Strains: Compressive
0 - 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 * 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
1 * 0 0-0025 0-0026 0-0026 0-0044 0-0041 0-0040 0-0041 0-0042
2 - 0 0-0048 0-0050 0-0049 0-0083 Q -0082 0-0080 0-0080 0-0081
3*0 0-0075 0-0074 0-0075 0-0125 0-0125 0 - 0 1 2 0 0 - 0 1 2 0 0-0123
4-0 0 -0098 0*0097 0-0098 0-0160 0-0165 0*0159 0*0160 0*0161
5-0 0 * 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0-0196 0 -0204 0 - 0 2 0 0 0 - 0 2 0 0 0 - 0 2 0 0
o•*0 0-0145 0-0145 0-0145 0-0236 0-0242 0-0236 0-0242 0-0239
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Section 12.5 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED.
TEST READINGS - APEX ANGLE INCREASING
("Tension” Condition, Pig. 2a, p. 10, 
Continued)•
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Plate No. Z>• Thickness 0-080 in.
Strain Gauge Position No 8 . Nature of Strains: Tensile.
0 * 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0-0005 0 - 0 0 0 0 0 - 0 0 0 1
1 * 0 0-0025 0-0026 0-0026 0-0103 0-0104 0-0089 0-0106 0 - 0 1 0 1
2 * 0 0*0048 0-0050 0-0049 0-0198 0 - 0 2 0 0 0-0180' 0 - 0 2 0 0 0-0195
o•to 0-0075 0-0074 0*0075 0-0292 0-0291 0-0272 0-0286 0-0285
4*0 0-0098 0-0097 0-0093 0*0380 0-0380 0-0366 0-0380 0*0377
5*0 0 - 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0-0463 0-0469 0-0461 0-0466 0-0466
6 * 0 0-0145 0*0145 0-0145 0-0556 0-0555 0 *0556 0-0555 0-0556
Plate No. 2>. Thickness 0-080 in.
Strain Gauge Position No , 9. Nature of Strains: Compressive
o
I 
•
1 o
0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
1 - 0 0-0025 0-0026 0-0026 0-0048 0-0052 0-0046 0-0050 0-0049
2 * 0 0-0048 0-0050 0-0049 0-0096 0 - 0 1 0 1 0*0094 0 -0098 0-0097
3*0 0 -0075 0-0074 0-0075 0-0143 0-0152 0-0144 0-0147 0 *0147
4*0 0*0098 0-0097 0-0098 0-0193 0 * 0 2 0 0 0-0192 0-0192 0-0194
5 -0 0 - 0 1 2 0 0 - 0 1 2 2 0 - 0 1 2 1 0 -0240 0-0245 0*0242 0-0240 0-0242
6 * 0 0-0145 0*0145 0-0145 0-0287 0-0288 0-0287 0*0288 0 -0288
(190)
Section 12.5 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED.
TEST RESULTS - APEX ANGLE DEGREASING .
(''Compression’' Condition, Pig. 3a, p. 12).
Sign Convention: Tensile Strains Positive
Compressive Strains Negative. 
STRAIN GAUGE POSITION No. 4.
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Gauge A Gauge B
Plate No . 1. T]hickness C •125 in. I
0 * 0 0 * 0 0 0 0 0 * 0 0 0 * 0 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0
0*5 0*0008' 2*57 0*00004 -0*0050 -0*0039
1 * 0 0*0017 5*15 0*00008 -0 * 0 1 0 0 -0*0074
1*5 0*0024 7*72 0 * 0 0 0 1 1 -0*0153 -0*0106
2 * 0 0*0031 10*30 0*00014 -0*0207 -0*0135
2 *5 0*0039 1 2 * 8 8 0*00017 -0*0258 -0*0164
3 *0 0*0046 15*46 0 * 0 0 0 2 1 -0*0315 -0*0189
3*5 0*0054 18*03 0*00024 -0*0360 -0*0203
4*0 0*0061 20*61 0*00027 -0*0421 -0 * 0 2 2 0
4 *5 0*0069 23*19 0*00031 -0*0489 -0*0225
5*0 0*0078 25*76 0*00035 —0 *0596 -0 * 0 2 1 0
5*5 0*0033 23*32 0*00039 -0*0671 -0*0175
6 *0 0*0095 30*90 0*00042 -0*0728 -0 * 0 1 0 0
6 *5 0*0107 33*46 0*00048 -0*0343 +0*0043
7 «0 0 * 0 1 2 1 36 *02 0*00054 -0*0930 +0 *0290 i
7 * 5 0*0141 38*55 0 *00063 -0*1135 +0*0625
8 ‘0 0*0171 41 *04 0*00076 -0*1500 +0 *1040
8 * 2 0*0187 42*02 0 *00033 -0*1770 +0*1230
8 *4 0*0208 42 *93 0 *00093 - 0 * 2 0 0 0 +0*1460
8 * 6 0*0246 43 *83 0 * 0 0 1 1 0 -0 *2330 +0*1880
8-7 0 *0300 44*20 0 *00134 -0 *2500 +0*2060
(191)
Section 12.3 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED.
TEST RESULTS - APEX ANGLE DECREASING.
("Compression'' Condition, Fig. 3a, p. 12, 
Continued).
Sign Convention: Tensile Strains Positive
Compressive Strains Negative.
STRAIN GAUGE POSITION No. 4.
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Gauge A Gauge B
Plate 1 t 
—
0 I* 1 CO . ►3 Lickness 0 * 1 1 1 in.
0 * 0 0 * 0 0 0 0 0 * 0 0 0 * 0 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0
0*5 0*0008 2*57 0*00004 -0*0053 -0*0056
1 * 0 0*0016 5*15 0*00007 -0*0106 - 0  *0106
1*5 0*0024 7*72 0 * 0 0 0 1 1 -0*0156 -0*0156
2 * 0 0*0032 10*30 0*00014 -0 * 0 2 1 1 -0*0208
2*5 0*0041 12*87 0*00013 -0*0264 -0*0257 j
3 *0 0*0049 15 • 45 0 * 0 0 0 2 2 -0*0319 -0*0305
3*5 0*0057 18*02 0*00025 -0*0374 -0*0353 |
4*0 0*0066 20*59 0*00029 -0 *0433 -0*0394 :
4*5 0*0073 23*17 0*00033 -0*0508 -0*0407
5 *0 0*0083 25*74 0*00037 -0*0679 -0 *0335
5 *5 0*0108 28*25 0*00043 -0*1240 +0*0293
6 *0 0*0144 30*72 0*00064 -0*1630 + 0 *0880
6 *2 0 *0162 31 *69 0*00072 -0*1770 +0 * 1 1 0 0
6*4 0*0186 32*65 0*00083 -0*1930 +0*1320
6 *6 0*0230 33 *52 0 * 0 0 1 0 2 -0*2800 +0*2150
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Section 12,3 TABULATED RESULTS OP EXPERIMENTS WITH LARGER
STEEL PLATES. CONTINUED.
TEST RESULTS - APEX ANGLE DECREASING.
("Compression" Condition, Pig. 3a, p. 12, 
Continued).
Sign Convention: Tensile Strains Positive
Compressive Strains Negative
STRAIN GAUGE POSITION No. 4.
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Gauge A Gauge B
Plate No. 3. Thickness 0-080 in.
0 * 0 0 0 - 0 0 0 0 0 - 0 0 0 - 0 0 0 0 0 0 - 0 0 0 0 0 - 0 0 0 0
0 - 2 0 0-0004 1-03 0 - 0 0 0 0 2 -0-0026 -0-0026
0-40 0-0009 2-05 0-00004 -0-0059 -0-0057
0*60 0-0013 3-08 0-00006 -0-0087 -0.0087
0*80 0-0018 4-10 0-00008 - 0 - 0 1 2 0 - 0 . 0 1 2 0
.1 - 0 0 0-0023 5-12 0 - 0 0 0 1 0 -0-0152 -0.0148
1 * 2 0 0-0028 6-15 0 - 0 0 0 1 2 -0-0184 -0.0177
1*40 0*0033 7-17 0*00015 -0-0219 -0-0203
1-50 0*0035 7*68 0*00016 -0-0238 -0*0214
1-60 '0*0037 8 * 2 0 0*00016 -0-0253 -0*0217
1-70 0*0040 8*71 0*00018 -0-0293 - 0 * 0 2 2 1
1-80 0*0042 9-22 0*00019 -0-0307 -0*0226
1-90 0*0044 9*73 0 * 0 0 0 2 0 -0*0368 - 0 * 0 2 0 0
2 * 0 0 0*0048 10*24 0 * 0 0 0 2 1 -0-0450 -0-0153
2 * 1 0 0*0053 10*74 0*00024 -0*0575 -0 * 0 0 1 0
2 * 2 0 0*0061 11*23 0*00027 -0*0748 +0*0190
2*30 0*0070 11*72 0*00031 -0*0888 +0*0368
2 *40 0*0080 1 2 * 2 0 0*00036 -0*1005 +0*0515
2 * 50 0*0086 12*70 0*00038 -0 * 1 1 0 0 +0*0675
2*60 0*0105 13*15 0*00047 -0*1190 +0*0827
2*70 0 * 0 1 2 2 13*61 0*00054 -0*1320 +0*0986
2*80 0*0155 14*01 0*00069 -0*1470 +0*1230
2*85 0*0175 14*19 0*00078 -0*1570 +0-1340
2*90 0*0370 13*72 0*00165 -0*3000 +0-2650
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Section 12.5 TABULATED RESULTS OF EXPERIMENTS WITH LARGER
‘ STEEL PLATES, CONTINUED.
TEST RESULTS - APEX ANGLE DEGREASING.
("Compression’1 Condition, Pig. 3a, p. 12, 
Continued).
Sign Convention: Tensile Strains Positive
Compressive Strains Negative.
STRAIN GAUGE POSITION No. 4.
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Gauge A Gauge B
Plate No. 4. TJlictaiess 0 •0625 in.
0*00 0 -0000 0-00 0*00000 0-0000 0-0000
0.20 0-0007 1-02 0-00003 -0-0083 -0-0020
0*40 0.0015 2-03 0-00007 -0-0179 -0-0048
0.60 0-0024 3-04 0-00011 -0-0268 -0 -0067
0.80 0-0033 4 * 04 0-00015 -0-0352 -0*0073
1.00 0-0045 5-04 0*00020 -0-0417 -0*0022
1.10 0*0052 5 *54 0-00023 -0 -0445 +0*0008
1.20 0*0061 6*02 0*00027 -0-0461 +0 *0076
1.30 0*0071 6*51 0-00032 -0-0476 +0*0131
1.40 0 *0084 6 -98 0 *00037 -0 -0482 + 0*0183
1.50 0 .0101 7 *44 0-00045 -0 -0495 +0 *0232
1.60 0 *0117 7 *90 0-00052 “0 *0516 +0 *0278
1.70 0 *0140 8-35 0 -00062 -0 *0549 +0 *0330
1 -80 0-0186 8*68 0 *00083 -0 *0632 +0 *0417
1 .82 0 .0224 8 -64 0 *00100 -0 -0703 +0 *0615
